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PREFACE

Interim Technical Report No. I (ITRI) for the Cockpit Design System (CDS), Crew-
Centered Cockpit Design (CCCD) Field Demonstration Program, is submnitted under United Statcs
Air Force (USAF) Conti-act E33615-92-C-5936. Contract Data Requirements List (CDRL)
Sequence Number AG 10.

This document is the first interim technical report for the Crew-Ccnteied Cockpit Design
Field Demonstration Program. covering thle period September 1992) through June 1993. It reports
work performed for the Crew Systems Directorate, Armstrong Laboratory, Air Force Materiel
Command, Wright-latterson AFlý, 0i1. lAtCol Robert J. Collins and Makjor Julie Cohen served as
the Project Managers. and Mr. l~hi~ip V. Kuiwicki served as the Project Engineer. The work was
performed by Veda Incorporated. lDavton.i 011. Mr. Michael E. Rountree was the Veda Program
Manager. This dIocumentII is assigned Veth Documenet Number 638 19-93U1P60099 and was
prepared Iin two voltumes. \'ohmnie I diSCU'SNCS technlical accomplishments and results. Volume II
contains supplemientary nmaterial III the 1form1 of twelve appendices. VoIlum1e 11 was not published
because 'it was not considc red nccessar\ tl or comIlplete understanding of the in formation contained
inl Volumle 1. It' needed for mnl de)(1 thSIMIdv. V'oltinc 11 c ;jn be obtained through thle information
given inl Reference 00 of the Ret ~cmcicc 1 .i .t MScciion 7).

Thos report was, acLompi IsjlIeId v\ i gui~danlce from MIr. Michael Rountree and with
contribution'. fror \i Ni. Brtt S10rc0 01 Sborc\ (C onSImtiig, Rocklin. CA. It was compiled and edited
by Ms. Kat hen ne Jackson and Nlr. n Sharp. with technical assistance from Mr. Roger
Andrews. Mr. Robert Balticr. N~i Andrei-w foone. Ms. Lucy Garcia, Mr. Richard Gier, Mr. Bret
G~ivens. NMr. Medhiat Korina. Mir. I d~atlwa I ellunanl. Ms.('Cynthia Martin. Mr. Evan Rolck. Mr.
Kenneth Runner. Mr. JameCs Stadlet . anld Mr. Michael Sweany.
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1. INTRODUCTION AND SUMMARY

1.1 Background

The Crew-Centered Cockpit Design (CCCD) Field Demonstration Program (Reference 1)
is the continuation of an advanced development project following eight years of dedicated work to
conceive and improve a process and tools for cockpit design. This new process uses a systems
engineering approach as a framework within which designers can focus more explicitly on crew
capabilities and mission requirements. The Crew-Centered System Design Process (CSDP) is a
structured, documented, and traceable design process. In its application, design decision rationale
can be traced and used to avert and correct cockpit design flaws early in the development sLage. The
Cockpit Design System (CDS) is a set of procedures and computer-aided tools developed to assist
in the design, analysis, and testing of various cockpit designs. The CSDP and the CDS are housed
in the Armstrong Laboratory facility known as the Crew-Centered Analysis and Design Support
(C-CADS) Laboratory, Building 248, Wright-Patterson Air Force Base, Ohio.

1.2 Objectives

The objectives of the Field Demonstration Program are to validate, upgrade, and support the
transition of the CSDP and the CDS, including the application pro'edures and computer software,
to both government and industry users. Validation will be attempted by invoking the CSDP and the
CDS in selected cockpit design applications, primarily cockpit upgrades, for a variety of dissimilar
operational aircraft systems. In addition, this effort includes assessing the needs of crew system
designers; performing specific crew system analysis, design, and flight simulation tasks;
implementing technical improvements for the existing CSDP and CDS; and promoting the use of'
the new technology in the Department of Defense (DoD) and DoD-contractor community.

1.3 Scope of Report

Interim Technical Report No. I (ITR 1) describes the nature and results of the technical ef-
fort performed by Veda Incorporated (Veda) to support the Field Demonstration Program. It de-
scribes contract activity from 28 September 1992 to II June 1993, and satisfies the requirements of
the Contract Data Requirements List (CDRL) A010. This report summarizes technical
accomplishments and results, but does not attempt to describe detail to the lowest level. For ex-
amplc, input parameters and file tranisfer specifics for the first field demonstration, an F-16 Manned
Reconnaissance Cockpit (F-16R), are summarized. The complete documentation of analysis,
design, and test activities will be presented during periodic progress reviews and technical
interchange meetings (TIMs) and will be reported in the Final Report (CDRL A013). At the com-
pletion of each field demonstration, separate reports that provide activity detail, validation test
results, and upgrade recommendations will be available and will be placed on the Data Accession
List (DAL).

1.4 Executive Summary

Prior to this contract, Veda provided support to the CCCD Project Office by assisting with
the establishment of the C-CADS laboratory and by evaluating the CSDP and the CDS that were
developed by the Boeing Company under an earlier Research and Development (R&D) contract.
The technical approach to achieving the goals of the Field Demonstration Program was strongly
influenced by two factors: (1) Veda was familiar ,ith the CSDP and the CDS hardware and soft-
ware, and (2) it was advantageous to accelerate the first field demonstration. Based on Veda's
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p1rcViou.,S experience in rehosting and evaluating both the CSDP and the CDS, it was not necessary
to formnally assess needs for improvements, and much of the technical work was already in
progress. At the outset of the contract, the two key areas of focus were: (1) improving the CSDP,
and (2) restruLcturing the architecture of the Engineering Design Simulator (EDSIM). (The EDSIM
is the part of the CDS that is intended to support cockpit evaluation through piloted simulation.)

General support, routine operations, and maintenance of the CSDP and the CDS was pro-
vided by having an onl-site project manager (OPM) and a staff of software engineers and techni-
cians. I)aily support was responsive to both expected and unexpected requirements, such as short-
notice demonstrations of the system. During numerous demonstrations, no significant system fail-
ur'es were experienced. Support included installation and maintenance of hardware and software,
some of which require licenses and maintenance support agreements (Reference 66, Appendix A).

Configuration Management (CM) activity was continued from the previous contract, using
the CM Plan that was previously developed and approved (Reference 6). In January 1993, a
revision to the CM proccdures was received from the government that somewhat simplified the CM
process. Forms. data base. anid procedures were modified accordingly by issuing an updated CM
Plan (Rccfrence 66, Appendix B).

As initial efforts in this Field Demonstration Program, research into new processes and
tools for application to the CDS yielded several promising candidates. Quality Functional
Deployment (QFI), Reference 2) and a related technique of the Anaiytical Hierarchy Process (AHP,
Reference 3) were found to have value in evaluating alternative solutions, ranking and rating
requirements, and performing tradeoff analyses. Concept Mapping (Reference 4) was found to be
useful in eliciting expert in formation and organizing it for analytical decompositien. Sequitur's
Workload Analysis System (SWAS, Reference 5) was used as a simplified and more generalized
method for workload modeling. Each of the tools has an existing software package to assist in
design problem applications, and each are being used in Field Demonstration No. 1.

Much of the technical work performed on the CDS was aimed at converting to a single
operating system: UNIX. This conversion wili enable the eventual elimination of the Virtual
Address Extension/Virtual Memory System (VAX/VMS) operating system from the architecture,
with the attendant coý,:t savings. It will also migrate the CDS toward a more efficient, open archi-
tecture as comparcd to the mo1re closed and proprietary VMS. The Graphical User Interface (GUI)
known ais L.tIM/X was selected and added to the system to facilitate the development of windowed
appl1lications through statc-of-t-hc-art inf ormation entry.

Significant progress was achieved in the design and development of software tools to satisfy
the management and tracking requirements of the design process. The development of a new
capability called the Design Traceability Manager (DTM) was recommended, requirements were
identified, and development was started. The essential functionality of this new and powerful tool
was demonstrated in May 1993.

Substantial progress was made ii creating and documenting an improved CSDP. This
strcamnlined version of the CSDP was directed at identifying the vital activities of effective cockpit
design, and aIt defining prcedures to accomplish those activities. It was developed by drawing
upon the experience gained frroin recent cockpit design efforts (e.g., F-22) and by devising an
orderly, logical flow of activities that: (1) met the periodic needs of the cockpit design team (CDT,
an organized group ot' professionals who have experience in cockpit upgrades for specific aircraft,
operations analysis, tactics and airmanship analysis, avionics, human engineering, .-id control and
display engineering); (2) ensured that needed up-front analysis work is accomplished; (3) facilitated
traceabilitv of design and design decisions to mission requirements and crew capability; and (4)
prioduced the needed reports and (docLImentation for real-world programs. The first goal of the
dcvCl1pacnt cftfort was to produce a package fo0r user/industry review. The new CSDP, often
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referred to as the CCCD Process, was documcnted (along with a scenario walk-through, a user
questionnaire, and an evaluator questiionnaire) for industry review (Reference 66, Appendices C, D,1'. and F).

Selected CDS upgrades were implemented, as deemed appropriate, to reduce cost of own-ership (e.g., eliminate the VAX/VMS) and to support Field Demonstration No. 1. Two SiliconGraphics Incorporated (SGI) workstations were added and memory and processor upgrades weremade to other units. The Informix Data Base Management System (DBMS) was installed and is
being used to develop many of the applications packages.

The CCCD application to convert selected F-16C aircraft into a tactical reconnaissancemission was selected as the sublect of the first field demon:;tration. This is a real-world pilot-vehicle interface (PVI) problem that is likely to be the subject of development and testing during thenext decade. The conversion of the EDSIM and the preparation for its evaluation is currently inprogress. To make dhe EDSIM easy to reconfigure, it was necessary to restructure the simulationsoftware. A layered architecture was developed that supports requirements for rapid prototyping ofcockpit designs (Section 5.3. 1. 1). The software restructure was first accomplished using theexisting Cockpit Automation Technology (CAT) Design "ockpit. then converted to the F-16C forapplication to Field Demonstration No. 1. Analysis of mission requirements, :sstem constraints,mission timelines. and task and workload analyses were performed as reported in Section 6
(Reference 66, Appendices G through L)
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2. COCKPIT DESTGN SYSTEM SUPPORT

"*This section discusses CDS support activities that consist of management, planning, report-
ing, day-to-day operations, and Configuration Management.

2.1 Program Management

Numerous management meetings were held at the beginning of the contract to coordinate
program direction and issues. After mutual agreement was reached on the content of Fiscal Year
1993 (FY93) work requirements, a two-part kick-off meeting was presented on 7-8 December
1992. The first session was held at Veda, and was open to individuals and agencies outside of the
CCCD project. The second session was a working level meeting to lay out technical plans and ac-
tivities relative to near-term goals.

The technical approach and contract schedule were formally changed by contract modifica-
tion in February 1993. The changes represented the actions necessary to meet near-term program
objectives. The principal change was to accelerate Field Demonstration No. 1 by approximately six
months, and to adjust the other contract deliverables accordingly. The resultant overall program
schedule is summarized in Figure 2. 1-1.
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Figure 2.1-1. Overall Program Schedule
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The F-16R was selected as the subject of the first field demonstration for the following
reasons: (1) the conversion of an existing weapon system into a new tactical mission brings to the
surface a number of PVI issues, such as downsizing of the crew from two (as in the RF-4 configu-
ration), and the requirement for near-real-time, airborne intelligence data transmission; (2) the
F--I 6R is a current problem representative of the type that is expected for thc next decade and be-
yond; and (3) the F- 16R PVI problem was also forecast for work in the Aeronautical Systems
Center (ASC) Crew Station Evaluation Facility (CSEF) at Wright-Patterson Air Force Base (AFB).
Therefore, performing this application under the CCCD Project has a potcntial for adding technical
data and reducing risk for the subsequent CSEF evaluations.

2.1.1 Reporting

During the reporting period, the contract technical status, as well as financial, and perfor-
niance information was provided through weekly progress reports, monthly status reports, quarterly
status reports, and TIMs. In accordance with contract requirements, seven monthly status reports
were submitted, two of which (January and April) incorporated additional quarterly reporting
requirements.

2.1.2 Progress Review

A program review was held on I I March !993 at the Veda facility in Dayton, Ohio. Veda
personnel, in conjunction with Storey Consulting, presented a general assessment of the program
to-da:.e; discussed the CSDP in terms of its advantages, development, and goals; reported the
progress from Field Demonstration No. 1; and reviewed the software and hardware development
for the CDS.

Discussion centered around the following topics: near-term success, parallel crew system
activity, traceability, charting rules in the CSDP, introduction of the CSDP t-) industry for review,
validation of the CSDP, node descriptions, Field Demonstration No. I schedule, conversion of the
Cockpit Automation Technology Battle Area Tactical Simulation (CATBA FS) to the F- 16 flight
model, sensor implementation and modeling, and Veda's approach to influencing the world of crew
system design.

2.2 General Support and System Management

General support activities for the Field Demonstration program included tracking alternate
and multiple versions of software, maintaining configuration management records, demonstrating
CDS components and system functions, developing or modifying software, administering CDS
data bases, incorporating CDS upgrades, and providing maintenance and licensing support. The
revised Maintenance and Licensing Agreement reflects the most current commercial software
configurations (Reference 66, Appendix A).

"Daily support of the C-CADS laboratory was performed using responsive management
techniques and flexibility to spport unexpected requirements, such as short-notice demonstrations.
These demonstrations were performed in parallel with, and without significantly interrupting, on-
going project and system management activities. In addition, daily support was provided for the
installation of hardware and software, for the operation and maintenance of the C-CADS, and for
the assessment and verification of the CDS components, including new and old versions of many
components.
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2.2.1 Crew-Centered Analysis and Design Support Laboratory

The C-CADS laboratory was originally configured as one large open area. This setup was
not conducive to concurrent software development activities, and the conduct of simulator demon-
strations, government visits, and industry walk-throughs. To enhance the professional environment
and to better isolate activities, the laboratory was reconfigured into the following three areas: (1) the
Design and Analysis Area, (2) the EDSIM Area, and (3) the Support Area. The laboratory is
shown in Figure 2.2. 1-1.
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The Design and Analysis Area consists of nine workstations, a color inkjet printer, a color
rasterizer, and an LN03R postscript printer. Seven of the nine workstations (v 1 sg9, v lsg 11,
vlsgl2, vlsgl5, vlsgl6, vIsgl8, and vlsgl9) are SGI products. The other two workstations
(vlgpxl and vlgpx4) are Digital Equipment Corporation (DEC) VAX Station II Graphics
Processing Extension (GPX) products.

The EDSIM Area consists of a cockpit simulator, a console, a 486 Gateway personal com-
puter (PC), and five SGI workstations (v 1 -g 10, v I sg 13, v I sg 14, v I sg 17, and v! sg20), a video
camera, video tape recorder, and a video monitor.

The Support Area consists of a DEC workstation (vlgp,-3), two air handlers, a plotter, a
circuit breaker box, a hydraulic control, and a hydraulic cart.

In addition to the above areas, the C-CADS laboratory houses a DEC VAX 8700 host
computer system and a line printer in an adjoining room.

2.2.2 Maintenance cf Commercial Software and Hardware

Maintenance support services for the CDS commercial software and hardware components
were acquired for the following commercial products: Informix, Integrated Design Engineering
Analysis Software (I-DEAS), Graphics Modeling System (GMS), Mission Decomposition Tool
(MDTOOL), CATBATS, SWAS, DI-3000, and QFD.

Management of the contractual vehicles for maintaining the commercial components of the
CDS included the following:

a. Contacted the maintenance contractors to report hardware and software problems and to

obtain scheduled maintenance.

b. Obtained the newest software releases for GMS, MDTOOL, and CATBATS.

c. Handled problems with SGI equipment ana DEC equipment through maintenance
agreements. During this reporting period, eight major hardware problems and eleven minor soft-
ware problems were encountered. Two SGI monitors and several cables were replaced at no addi-
tional cost.

d. Worked with maintenance contractors through telephone support to further analyze and
correct problems.

e. Obtained other commercial products, such as QFD and SWAS, that satisfy specific
requirements. In the case of SWAS, a special agreement was reached that saved the initial purchase
price and resulted in only a maintenance fee.

f. Restructured maintenance agreements for I-DEAS, GMS, MDTOOL, and CATBATS
that cover long periods of time at no additional cost.

g. Obtained an additional SGI platform with four processors and total memory of i28
megabytes (MB). Two of the processors and 64 MB of memory were acquired at no cost (see
Section 5.1).

h. Obtained DI-3000 for evaluation and conversion of the CDS components from the
VAX environment to the UNIX environment at no cost.
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2.2.3 Maintenance of Custom Cockpit Design System Components

Several CDS components, such as MDTOOL, CATBATS, GMS, and I-DEAS, are com-
mercial products that are customized to interface with various other commercial products. Each
vendor was consulted to ensure that current system functions and future enhancements to the CDS
remain functional. By working closely with the vendors, Veda was able to maximize the use of
commercial product enhancements at no additional cost to the project.

The Field Demonstration No. I displays were developed using GMS and were sent to
Sherrill-Lubinski (SL) for optimization and improvement of the update rate (Section 5.3.7).
I-DEAS was originally purchased for the VAX 8700. The version needed for the Silicon Graphics
platform was acquired from Sructural Dynamics Research Corporation (SDRC) for a minimum
fee rather than purchasing a new version. Merit Technology, Incorporated extended the manhours
on the maintenance agreement rather than limiting it to one year. These hours were used to develop
enhancements to both MDTOOL and CATBATS (see Sections 5.3.3 and 5.3.6). The IRIX
operating system 4.0.4 was installed on the Silicon Graphics machines. MDTOOL 4.06 and
CATBATS 5.33 were compiled under IRIX 4.0.4 by Merit Technology, Incorporated.

2.2.4 Crew-Centered System Design Process

The CSDP provides the framework for the application of the CDS tools. The CDS tools
within the CSDP framework will directly support specific crew system analysis, design, and eval-
uation activities in a systematic tuaceable flow. Considerable progress was made in creating and
documenting an improved CSDP, and in achieving the goal of housing and managing it in the CDS,
using the Informix DBMS. (Note: The original contract-delivered process is referred to as the
Crew-Centered System Design Encyclopedia (CSDE); the new process is referred to
interchangeably as the CSDP or the CCCD Process.)

During the transition from the CSDE to the CSDP, the management of both processes was
established within the DTM (Section 5.3.2) environment so that the user could either reference the
CSDE for further information or use the CSDP to actually guide cockpit design activities. The
Methodology Data Base was developed in the Informix DBMS to manage the contents of both the
CSDE and the CSDP. The structure of the Methodology Data Base allows the definition of four
distinct tables: activities, procedures, tcchnicals, and information pages. The activities table contains
an overview description of its rcferenced activity (including a listing of procedural steps involved in
performing the activity). The procedures table contains specific data for tlhe accomplishment of
each required procedure. The technicals and information pages tables contain additional
information on the activity and the product that results from the performance of the activity.

The baseline CSDP was developed, implemented, and managed using Microsoft Project
software. The data was then electronically transferred to the Informix DBMS. Several X-Windows
application programs were developed to maintain and manage the CSDP (Sections 5.3.2.5 to
5.3.2.8).

2.2.5 Cockpit Design System Management

The successful management of the CDS resulted in the implementation of the CSDP and
the smooth and near failure-free operation of the entire C-CADS laboratory, which was operational
at all times. The development of new components and the enhancement of the existing ones
continued throughout the reporting period.
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2.2.6 Demonstrations of the Cockpit Design Systemn

Over the course of this contract, several demonstrations of tile CDS were supported. These
demonstrations exercised the CDS and components. The demonsrations lasted between one and
two hours and included an introductory briefing to present the objectives, and an ov,. rview of the
demonstration to observers who were not familiar with the CDS. Some demonstrations were pri-
marily walk-throughs where only portions of the capabilities were shown, others displayed the full
capabilities of the current system. The demonstrations were performed without inter,-upting either
an on-going application or the system maintenance activities.

2.3 Configuration Management

This section describes the current status and progress of the CM of the CDS. The objec-
tives of CM are to track the status of the current configuration, and to provide a systematic means of
tracking problems and suggested improvements from initial discovcry th,'ough final disposition.
Throughout this process, CM provides the CCCD Program Office with visibility into the evolving
configuration of the CDS developmental and product baselines. The baselines include sol'tware,
hardware, process, and documentation. The CM system also provides a means of tracking the in-
ventory, maintenance, and license agreements.

Under Delivery Order 9 of the previous CCCD support contract, the Conti'guration Man-
agenmnt Plan fin the C-CADS Liborator-y (Referience 6) was prepared and delivered. This original
plan specified procedures for CM and also specified requirements for a CM DBMS. The CM
DBMS was developed using the R:Base commercial Jata base management system hosted on an
IBM-compatible PC. The CM DBMS was then populated with information pertaining to the CDS
hardware, software, and media inventory; maintenance and license contracts; Engineering Change
Requests (ECRs); Documentation Change Requests •DCRs); and Elngineering Change Orders
(EIOs).

2.3.1 Accomplishments

An objective assessment of CM-related activities yielded the following accomplishments:

a. Veda completed an extensive audit of the CDS inventory. This inventory consists of
several thousand records describing the identification, location, and status of all CDS hardware,
software, and media items. In addition to the audit, the CM I)BMS was queried on several
occasions to locate items in the inventory, and the necessary records were found to be present.
Also, the accuracy of the descriptive information in many of the records was improved.

b. The maintenance and license information contained in the data base was helpful in
preparing recommendations for FY94 maintenance and licensing (Reference 66, Appendix A), but
was not sufficient. The stored data describes existing maintenance and license contracts, and
therefore must be supplemented by vendor's quotes when preparing a plan for future coverage. The
information must also be updated to include the newly-obtained configuration items.

c. Seven Configuration Control Board (CCB) meetings and approximately twenty-five
Design Review Board (DRB) meetings were conducted.

d. Approximately 300 ECRs were completed by the CDS team and other CDS users, and
entered into the CM DBMS. The DBMS reporting features provided an adequate means of
tracking these ECRs, listing them by status, configuration item (CI) name, and assignee. However,
there were some limitations in the CM DBMS arising in some cases from R:Base
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features, and in other cases from partial implementation of CM-supporting functions. Specifically,
only one CI can be cited in a given ECR. This prevents the creation and tracking of change re-
quests that may impact more than o!ie software or hardware item. Moreover, the technique used to
designate the Cl is awkward: the title of the ECR must be prefaced with the CI name followed by a
space, dash, and space, e.g., MDTOOL - Fails to accept sufficient number of event types, In ad-
dition, R:Base provides very limited text-editing and text-formatting capabilities. Material cannot be
tabulated, underlined, or scanned for character strings.

2.3.2 Improvements

During the reporting period, several areas of improvement for the CM procedures and tools
were noted. These areas involved: (1) the establishment of regular DRB and CCB meetings; (2)
the processing, approval, and completion cycle of ECR', ECOs, and DCRs; (3) the use of the Class
I/Class II categorization scheme for ECRs; and (4) the content of the inventory data records that
were downloaded from the original files.

On 7 January 1993, the CCCD Program Office released a memorandum entitled CDS
Cotnfiguration Control Progrw.:m that outlined changes to improve the existing CM procedures.
Based on the memorandum, the following changes were made or are being made:

a. ECRs were replaced by Change Requests (CRs), which could address any requested
change (process, hardware, software, or documentation). The CR is similar to the ECR, but covers
requested changes to any or all of the following: CSDP, CDS documentation, CDS tools, or CDS
hardware items. The CR includes information about the background of the submitter and the
context in which the change was requested.

b. Change Proposals (CPs), rather than ECOs, are now prepared to delineate a rec-
ommended approach to the solution of one or more related CRs. The format for the CP varies
substantially from the former ECO. It now includes a discussien of the relationship of the pro-
posed change to the design process, ) schedule of activities, the impact on other work, and a dis-
cussion of the likelihood of successful completion.

c. Three types of meetings will be held on a regular basis: TIMs, DRB meetings, and CCB
meetings. TIMs, which constitute a new opportunity for joint VedaCCCD Program Office
coordination, will be held frequently as informal forums for the discussion of alternative approaches
to CRs. TIMs will permit greater Air Force involvement in the hardwarc/software change process.
DRB meetings will he held on a biweekly basis to discuss the status of new and ongoing CPs.
CCB meetings will be held monthly to prioritize CPs and to approve selected CPs.

d. The Class I/Class II distinction for CPs will be applied on a more consistent basis. Any
CP that requires more than 40 labor-hours to complete or entails a purchase amount of more than
$2000 will be classified as a Class I CP'. As such, it will be presented to the CCB for prioritization
and approval before beginning work. Class II CPs will continue to be subject to the approval of the
CCCD OPM.

e. All CRs and CPs will be discussed at DRB meetings and logged into the CM DBMS.
While the CR can be entered in its entirety, inherent limitations in the R:Base system mitigate
against full implementation of the CP form in the CM DBMS. First, the CPs tend to be lengthy,
consisting of sixteen scrolling textual fields. When several completed CPs were entered into the
system, the latter fields were truncatcd, apparently due to the inability of R:Base to handle tables of
this length. A possible solution is to constrain the field length, but this would be at cross purposes
to the objective to have detailed, self-explanatory proposals. Second, several of the CPs include
figures. which greatly assist in explaining the recommended software or hardware architecture,
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functional flow, etc. However, R:Base cannot store graphical information, so these items cannot be
retained with the completed CP. A third limitation is the inability of R:Base to handle tabulated
fields of data. For example, if an engincer wanted to provide a table of performance parameters for
several alternative solutions, he/she could not do so in R:Basc. Fourth, entering the textual data into
R:B3ase is difficult due to the absence of a full-featured text editor. For example, there are no
search, replace, or text-fbrmatting capabilities.

It should be noted that these limitations are characteristic of most commercial DBMSs and
are not specific to R:Base. R:Basc was and still is a good choice for managing multiple relational
tables of alphanumeric data. Neither R:Base nor any other known commercial DBMS can handle
the data base of integrated textual and graphical material that would be associated with full on-line
CP storage.

In subsequent meetings it was agreed to retain clv uummaiy data for the CPs in on-line
fOlrI using R:Base, The CP Summary Record will allow Veda's CM personnel to track the status
of the Cl's and their related CRs. The full content of the CPs, including text and graphics, will be
stored on the Macintosh documLentation workstation located in the Veda on-site office. A unique
chronological number will be assigned to each CP on the documentation workstation and also en-
tered into the R:Base CF' Summary Record, to support tracking and retrieval. This will provide a
viable and efficient solution to Cl-tracking needs. Additionally, the availability of the CP infor-
mation on the documentation workstation will allow Veda to incorporate the text and graphics into
CDS documents, such as 1TRs, Users Manuals, and Programmers Manuals.

Following implementation of the changes described above, ten CPs were prepared and sev-
eral DRB meetings were held to discuss them. The current status is as follows:

CP 1: Georuetry Interface Tool (GIT), Approved and in progress.

CP2: L)TM. Pending United States Air Force (USAF) review of the DTM Design
Document, which is currently being completed.

CP3: Timcline Management Tool (TMT). Pending USAF' rcview of the TMT Design
Document, which is currently being completed.

CP4: l7DSIM restructuring. Approved and in progress.

CP5: VMS-to-UNIX conversion. On hold pending further detail on plans.

CP6: Additional SGI workstations. Approved, New workstations have been installed.

CP7: QFD Designer. On hold pending evaluation of QFD/AlIP.

CP8: Merit Support. Deleted; CP not necessary. CPs are submitted at conclusion of Merit
mtodifications to software.

CP9): Concept Interpreter. On hold pending evaluation of the Tool for Automated Knowl-
edge Engineering-2 (TAKE2).

CPI0: SWAS. On hold pcnding USAF determination of whether a CP is needed,

CCB meetings were not held for the above action!), because the DRB interfaced with CCB
personnel to determine each status.
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2.3.3 Configuration Management Plan Update

The basis for the revised CM plan (Reference 66, Appendix B) is the procedural approach
(Figure 2.3.3- 1) that was outlined in the memorandum of 7 January 1993 from the CCCD Program
Office.
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The revised CM procedure begins with submittal of the CR by a CDS user, a member of the
CCCD Program Office, or a member of the CDS support team. The submittal process will be
accomplished initially by the delivery of a handwritten or typewritten CR form. In the f tute,
submission will be done electronically by providing personnel with limited access to the CM
DBMS and by assigning a consecutive number to each CR at the time of submittal.

New CRs will be reviewed at regular TIMs, The CDS OPM will schedule and chair the
TIMs. The TIMs will be attcndcd by the CM Manager and by members of the CDS support team
who are knowledgeable in the area alfected by the CR. The CCCD Pro, 'ram Office will be given at
least a 24-hour notice prior to each TIM, and Air Force participation wi be optional. During the
review, each CR will be given a status: Htold, Reject, or Assess. The CRs classified as HolM will be
reviewed at the next TIM. This action will be taken when a CR requires further detail, or time does
not permit its evaluation at a given TIM. The CRs classified as Reject will be those that arc not
sufficiently clear or are due to operator error. The CRs classified as Assess will be those awaiting
assignment to an engineer for the preparation of a CP.

The assigned engineer will prepare a CP to identify the required change to the CDS hard-
ware, software, or process. When completed, the CP will be reviewed at another TIM. Each ClP
will be classified by the OPM as Class I or Class 11; Class I CPs require more than 40 hours or
cost more than $2000 to imiplement.

As shown in Figure 2.3.3-I, the procedures differ between Class I and Class I1 CPs. Class
II CPs, by virtue of their limited magnitude, will be reviewed and prioritized by the 01PM according
to available resources and schedule.

In contrast, Class 1 CPs will be reviewed by the DRB to determine completeness, clarity, and
consistcncy with long-range CDS goals and objectives. At this point the DRB can hold, reject,
or approve CPs for further processing. On-hold CPs will be reevaluated at the next DRB meeting.

Rejected CPý will be routed back to the OPM for reassignment and/or rework by engineering
persolinel.

DRB-approved Class I CPs will be reviewed and prioritizcd at a CCB meeting. The CCB
can hold, reject, or approve Cls 1for further processing. On-hold CPs will be reevaluated at the next
"sclheduled CCB meeting. Rejected Cl's will be sent back to the )IRtB for reassessment.

Class 11 CPs and CCB-approved Class I CPs will be assigned to CDS personnel for irn-
pletnentation according to prit. ity and schedule constraints. Necessary changes to the hardware,
software, process, and/or documcntation will be made by the assigned personnel.

The CM Managei or designee will confirm the completeness and correctness of changes
(both Class I and Class II) in a Physical Configuration Audit (PCA) and Functional Configuration
Audit (FCA). Thle FCA, which consists of a test of the functionality of the modified configuration
item, will be conducted prior to release of the Alpha version of the item. The PCA, which consists
of a verification that the item is in the proper physical configuration (i.e., that the source code has
been stored in the proper locations, that the documentation has been updated to reflect the change
and has been properly stored, etc.) will be conducted by the CM Manager or designee. All Class I
changes will be reviewed by the DRB in meetings that will take place biweekly, depending on the
existence of CRs and CPs to be reviewed. Incorrect or incomplete changes will be returned to the
assigned personnel for correction.

Following successful completion of a modification to the CDS hardware, software or pro-
cess, the modified items will be released as Alpha versions. These versions will be used only by
CDS personnel until full confidence in their functionality is achieved.
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When a plateau in capabilities has been achieved (for example, when the CSDP tools and
documentation have been modified and verified to provide a set of integrated and comprehensive
capabilities), the OPM will ask the CCB to approve the release of these items as Beta versions.
New versions of configuration items will not be released on a piecemeal basis; rather, they will be
released only in logical sets that, together, provide a new level of CDS capabilities. The CCB will
review the proposed Beta releases. Only approved items will be released to Beta sites and other
CDS installations.

2.3.4 Configuration Management Data Base

"The CM DBMS was implemented initially to satisfy the requirements stated in the first ver-
sion of the CM Plan. This included inventory control and tracking functions for ECRs, DCRs,
ECOs and DCOs. The CM DBMS (Section 3.1.3) is now being modified to replace all forms and
tables related to ECRs, ECOs, and DCRs with CRs and CPs. The data and procedures are being
brought into agreement with the revised CM procedures.

The new CR form contains many new data fields that were not present in the ECR form that
was implemented in the initial CM DBMS. Table 2.3.4-1 identifies the data fields that are
contained in the CR. A definition of each field is provided, including a specification of the length
and content. The next six c hminifs contain the read/write privileges to be given to the CR submitter,
the CDS users, the CDS hardware/software support personnel, CM personnel, CDS project
management personnel kthe Program Manager and the OPM), and the CCCD Program Office
Personnel. Table 2.3.4-2 provides the same information for the CP.

Modifications to the existing CM DBMS to support the new CR and CP forms were
initiated duiing the reporting period, but were not completed. The forms were created for data entry
and CP report procedures were written, but the reports were unacceptable due to limitations in
R:Base, the commercial DBMS in which the CM DBMS is implemented. Specifically, R:Base will
not accommodate a full CP record, which contains many large data fields. After reaching its
maximum record limit, R:Base truncates the large textual fields to only a few characters each.
When this limitation was encountered, work on other functions was suspended. Linked lists of
related CRs were not incorporated into the CP form, nor were links to the assigned personnel made.
The recommended and recently approved solution to this problem is to store only CP summary data
on-line, and to store the entire CP record on the Macintosh documentation Workstation. In the far
term, the feasibility of rehosting the CM DBMS in Informix on an SGI workstation will be
investigated as a means of providing on-line, multi-user access.

All Configuration Software Configuration Items (CSCIs) and Hardware Configuration
Items (HWCIs) that have been created or acquired in preparation for Field Demonstration No. 1
will be given CSCI or HWCI numbers and identified as items in the CDS developmental
configuration. The developmental configuration comprises the software, hardware, and associated
technical documentation that define the evolving configuration of the CDS during development.
Table 2.3.4-3 identifies the major components of the current CDS developmental configuration.

Entry of new configuration items into the CDS baseline is contingent on the completion of
development, documentation, and testing. The original baseline CDS system used CSCL numbers 1
through 181. For new CSCIs developed since the delivery of the system to the USAF, the fo!
lowing CSCI-numbering scheme is recomumnended:
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Table 2.3.4-3. Developmental Configuration of tl:_e CDS Tools

FUNCTIONAL REQUIREMENT CDS TOOL

Manage process, tools, project implementation, and Design Traceability Manager
traceability

Design Requirements Tradeoffs Quality Function Deployment

Analytical Hierarchy Process

Program Planning/Scheduling Design Traceability Manager

Mission Profile/Scenario Generation Mission Decomposition Tool

Mission Decomposition Concept Mapping (TAKE2)

Timeline Management Tool

Functional Flow TAKE2

Timeline Management Tool

Task Derivation Timeline Management Tool

Sequitur's Workload Analysis System

Action/Infornation Requirements Timeline Management Tool

Task/Workload Analysis Sequitur's Workload Analysis System

Reach, Distance, and Vision Assessment Computerized Biomechanical Man-model

Integrated Desig~n Engineering Analysis Software
Geometry, Layout, Structure

Geometry Interface Tool
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Table 2.3.4-3. Developmental Configuration of the CDS Tools

(Continued)

FUNCTIONAL REQUIREMENT CDS TOOL

Control and Display Developmient Shen'ill-Lubinski's Graphics Modeling System

Subjective Evaluation ot Workload Subjective Workload Assessment Technique

Flight Test Support Performance and Workload Evaluation System

Database Management System INIORMIX

Textual/Graphic I'roduct I)evelozpment Microsoft Word

MacDraw

Analysis Workstation', v lsg09: Iris 4D/80GT (GMS host)

v I sg 10: Iris 4D/240GTX (INFORMIX host)

visp I 18: Iris Crimson workstation

vI sg 19: Iris Indigo workstation

vl sg20: Iris Onyx workstation

Network Filc System (NES) and Ethernet

Physiological l)a'a Collection Workload Assessment Monitor

2-18



Table 2.3.4-3. Developmental Configuration of the CDS Tools

(Continued)

FUNCTIONAL REQUIREMENT CDS TOOL

Part-Task Cockpit Prototyping Simulator Engineering Design Simulator, consisting of:

Adjustable cockpit framework

Articulating or removable seat

McFadden hydraulic control (optional)

Cockpit control/display generators:

v I sgI 1: Iris 4D/25TG

v I sg 12: Iris 4D/25TG

vlsgl3: Iris 4D/20G

vlsgl4: Iris 'D/20G

vlsgl5: Iris 4D/25TG

Out-the-window scene generator:

vlsgl7: Iris 4D/320

Aerodynamic model host:

v I sS 10: Iris 4D/24OGTX

Test conductor's console

Replaceable stick and throttle

Replaceable cockpit side consoles

Cockpit display repeaters:

Three 6x6" Sony monitors

Two 4"x4" XKD monitors

Low-speed data transfer:

Ethernet and NFS

High-speed data transfer:

SCRAMNET network

Power/video distribution system

Intelligent Input/Output Controller
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CSCI #s Descriptionr Initial # of lItems

200 - 299 New Analysis and Design Tool CSCIs Approx 10
300 - 309 EDSIM Layer 1: Simulation System Software 4
310 - 349 EDSIM Layer 2: Simulation Application Software Approx 7
350 - 369 EDSIM Layer 3: Cockpit Application Software - CAT Design 10
370 - 399 EDSIM Layer 3: Cockpit Application Software - F- 16 Design 12
400 - nnn EDSIM Layer 3: Future configurations TBD

Once assigned, the CSCI number will remain fixed for a give~n CSCI. The version number of the
CSCI will be incremented as new versions are released, beginning with version 1.0, The version-
numbering scheme is described in the CM Plan (Reference 66, Appendix B). Note that commercial
CSCis will be identified by the version number assigned by the vendor.

Configuration items that have been revised will be identified as Alpha releases of CDS de-
velopmental baseline items. This will include the UNIX versions of existing CSCIs and the soft-
ware items modified by Merit Technology in preparation for Field Demonstration No. 1.

2.3.5 Configuration Management Data Library

The CM data libraries are maintained in Rooms 108 and 109 of Building 248. An extensive
audit of the libraries of magnetic media and other hardware items was conducted by the CM
Assistant during the reporting period. As a result of this audit, approximately 150 updates and cor-
rections were made to the CM data base.

2.3.6 Change Requests and Change Proposals

Table 2.3.6-1 shows the CPs that were prepared during the reporting period and the CRs
that werm. addressed by each CP. Acronyms used in the tables that follow arc defined in the list of
Acronyms, Terms, and Abbreviations located in the front matter. The following is the status of tihe
CPs as of June 1993:

Table 2.3.6-1. CRs and CPs Worked During Reporting Period

CP 1: REPLACE CIPLP WITH GEOMETRY INTERFACE TOOL (GIT)

"" CR 29: MCAD - INABILITY OF I-DEAS TO WRITE INPUT IIt.Eh TO CIPLP

"* CR 198: ELIMINATE HARDCODING OF CONTROLS & INDICATORS

CP 2: REPLACE DEN WITH DESIGN TRACEABIL.ITY MANAGER (DTM)

- CR 2: DEN - DOES NOT PROVIDE SUFFICIENT SUPPORT TO PROCESS

CP 3: REPLACE NMT WITH TIMELINE MANAGEMENT TOOL (TMT)

"* CR 278: NMT - INADEQUATE SUPPORT OF TIMELINE DECOMPOSITION
PROCESS

"* CR 114: NMT - ADD DEFAULT MECHANISM FOR COMPUTING START
TIMES

" CR 124: NMT - CONTROL CONNECTION-LEVEL RESTRICTION
"* CR 125: NMT - IMPROVE TASK CREATION OPTIONS
° CR 126: NMT - REVISE MENU OPERATIONS TO USE P-STRINGS

2-20

U



Table 2.3.6-1. CRs and CPs Worked During Reporting Period (Continued)

"* CR 127: NMT - REVISE LIST DATA STRUCTURE
"* CR 129: NMr - PROVIDE X-WINDOWS COMPATIBILITY
"• CR 130: NMT - RETIUNE DYNAMIC MEMORY PACKAGE
"* CR 131: NMT - ADD DATA TYPING TO NODE SLOTS
" CR 133: NMT- IMPLEMENT TPEENET TYPE, VERSION, AND SUBTYPE
"* CR 134: NMT - SEPARATE DISPLAY PARAMETER SETS
"* CR 136: NMT - IMPLEMENT TEST-XXX-STRUCTURE ROUTINES
"* CR 137: NMT - IMPROVE TASK CREATION OPTIONS (IDEAL)
"* CR 138: NMT - REDESIGN WINDOW INTERFACE LIKE VMS
"• CR 139: NMT - DEFAULT VIEW FOCUS
"• CR 140: NMT - HELP FEATURE REQUIRES FULI, IMPLEMENTATION
"• CR 141: NMT- SIMPLIFY TIMELINE UPDATE I ."OMMAND
" CR 142: NMT. REVISE .TNET FILE FORMAT
"* CR 143: NMT - MODIFY SEQUENCING OF TIMELI.NE PROCEDURES
"" CR 264: NMT - ADD AUTO 1FPR GENERATION FROM IATOOL REPORT

CP 4: RESTRUCTURE EDSIM HARDWARF/SOFTWARE ARCHITECTURE

* CR 5: BATS;-SP - SEPARATION OF PRIVILEGED & NON-PRIVILEGED
ACCOUNTS

' CR 19: BATS-SP - NEED TO IMPLEMENT COMMUNICATION CHECKS
* CR 39: SIMCLP & DISPLAY PROCESSORS - SYSTEM FUNCTIONS NOT

SEPARATE FROM COCKPIT DESIGN SOvrW/.,RE
* CR 46: BATS-SP - SHARED MEMORY ADDRESS UNNECESSARY
• CR 60: BSIMUSER - DOES NOT START IN A/A MODE AS STATED
° CR 75: SIMCLP - "INCLUDE" FILES MISSING: SHOULD BE SHARED
* CR 218: BSIMUSER - SHOULD ATTACH TO FDR SERVER DIRECTLY
* CR 220: BSIMUSFiR - SIMCPL - DEADLOCK WHEN TERMINATED

BEFORE SCENARIO RUN
• CR 222: BSIMUSER - FUNCTIONS SHOULD BE COMBINED W/ SIMCLP
* CR 269: BICMIO - RELOCATE DMA, TONE, MCFADDEN BOARDS

CP 5: VMS-TO-UNIX CONVERSION

"* CR 275: GENERAL - PORT VMS BASED CSCIS TO UNIX
"° CR 170: GENERAL. - INSUFFICIENT NUMBER OF SOFTWARE

DEVELOPMENT (Ada, FORTRAN, C) ENVIRONMENTS
"• CR 231: DBMS - NEED UNIX-13ASED DBMS FOR ANALYSIS TOOLS
"" CR 288: X-WINDOWS - PURCHASE OF GRAPHICAL USER INTERFACE

1BUILDER

CP 6: ACQUIRE ADDITIONAL SGI WORKSTATIONS

CP 7: ESTABLISH QFD DESIGNER AS A CSCI, AS A POSSIBLE REPLACEMENT
FOR SUMMET

* CR 235: SUMMET - FAILS TO PROVIDE EFFICIENT ANALYSIS CAPABILITY

CP1 8: SUPPORT FOR MERIT TECHNOLOGY PROPRIETARY PRODUCTS

CP 9: ESTABLISH CONCEPT INTERPRETER AS A NEW CSCI

• CR 258: GENERAL - THERE IS A NEED FOR CONCEP" MAPPING CAPABILITIES
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Table 2.3.6-1. CRs and CPs Worked During Reporting Period (Continued)

CP 10: O13TAIN SWAS FOR EVALUATION

- CR 204: DCAL)S - D)EFICIENCY IN WORKLOAD PLOT CREATION &,
INTE`RPRETATION

e CR 250: FATOOL - CTLA - REPLACEMENT

CP I 11: MERIT SUPPORT, FEBRUARY 1993

- CR 22: MI)DTOOL, - DEFAULT VALUE WRITUES OVER P~REVIOUSLY UPDATED0 FILES
- CR 28: MDTOO1. - OVERWRITING OF PDR FILE'S
, CRZ 50: MI)TO( L - CRAS1H CAUSED BY FILE' NAME WITH1 A SP~ACEi IN 1IT
* CR 96:13ATS-SP - USER CAN [,iNl'lR TOO MANY V1-II'iXEi IROCbSSES
- CR 97:13ATS-S11 - BATS ONLY ALLOWS 5 AIRCRAIT HUTI No ChECK'S ARE MADE'
9 CR 2.53: MDT0OI.- SYSTEM CRASH WHEN NOT SPECIFYING WIND MODELI
o CR 254: MI)TO0I. - FORWARD EDEOF THE BATTIA." FIELD) (1131A) IS ABSENT
- CR 255: MDTOOI. - FONT SIZE .IS IlLE1GIBLE,
# CR 200: MDTOOL - ABSE1NCE OF ICONS WIIEiN REIPILAYINO FI)R FILES

a. ClP 1: Thc status of the GIT' development is pr-ovided inl Sect ionl 53.

b. CP 2: The status of the DTM development is pirovided inl Section 5.3.

c. CIP 3: Thc status of the TMT development is pr-ov ided inl Section 5.3.

d. CI) 4: The status of the r-estructur-ing of the E-DSIM hiardy'::,,. anidsoftware is discussed
inl Section 5.3.

e, ('1 5: TheC StatuIS of thle conversion of C.SCIs fr-om tile VMS to UNIX oper'ating

sVStem~S is diSCuIssed ill Section 5.2,

f*. CI) 6:Th 'Fieecommendation fbi' additional SGI wor-kstationis is inl wor-k. Tlhe CI) has niot
vet beeni released to the DRI3.

g. (C13 7: The DRB dteeided to dr-op CF7 as a fonnal Cr1 because QI) 'D esigncri is beintg
obtainied onl a tri-al basis. A CP will be su~bmlitted if anid when Q1"D lDesigner pr~oves to be aI
neCcSSaly anld suftficien~t com1ponlent of' tile CIS.

h., CP 8: The DRI3 decided that tile pi~opoSal to obtainl Mer-it Technolo01gy suIppor-t for1
pr-oprietaiy pr-oducts did no0t r-equir-e a CR

i. 03 9: The DRB decided that a formal CI: will be recquire'd if' and whcni thle Conlcept
Interpreter- lpioves to be a neccssary and SuffIICient component of' the (1)5.

J. CP" 10: The DRB decided that a for-mal CP will be requjre1-d ii' and whenl SWAS piroves
to be a necessary and suf'ficienit componcn of'the CDS.

k. CI) 11: T'his pr-oposal documentts thie chaniges made by Mer-it Technology per-sonnel
durinig thle week of' 8- 12 February 1993. All wor-k was completed during and immediately af'ter that
week.
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2.4 Beta Site Management

During this reporting period, the emphasis in Beta Site development was on reviewing re-
quircments to determine what could. be accomplished and who could best accomplish it. To that
end, a two-stage potential Beta Site process is being developed. The first stage would engage the
services of an organization on base that has been involved with CDS development, or that has the
capability to host and/or pcrform several of the components of the CDS. This stage is necessary to
allow critical evaluation from outside the development organization. The results will allow the CDS
to be fine tuned without exposing an incomplete system for industry participation.

The second stage of Beta Site activity would be the involvement of potential laboratories or
groups in the aircraft development industry. This stage will be accomplished to get the CDS into
the field of actual cockpit design activity. It may not be feasible to engage an actual cockpit design
group working on a production program as a Beta Site. The Independent Research and
Development (IRAD) companies or an aircraft contractor working on small scale cockpit research
programs may be the best targets as sites. Next, it will be necessary to determine the appropriate
timing and the exact target organizations for Beta Site deployment.

Two choices may be available to perform the first stage of the activity. They are the Crew
System Ergonomics Information Analysis Center (CSERIAC) and the CSEF.

The CSERIAC was previously involved in reviewing some of the CDS tool updates and
replacements, such as MDTOOL, DTM, and TMT. CSERIAC personnel attended demonstrations
and provided feedback on these items, Due to the proximity and ongoing involvement, CSERIAC
is a good candidate for a first stage Beta Site. Tentative discussions about the possibility were
positive.

The CSEF has been closely abreast of' most of the activities of the CDS and has the person-
ncl and capabilities to be a good Beta Site for actual performance reviews on cockpits. The next
step will be to contact CSEF management to discuss the possibility of becoming a first stage Beta
Site,

The second stage Beta Site organizations will likely come from actual aircraft cockpit de-
velopment companies. The likelihood of obtaining a thorough performance evaluation will be high
in these organizations. The process of finalizing subcontracting agreements with four major air-
frame-manufacturing companies: Lockheed/Fort Worth, L.ockheed/Marietta, McDonnell-Douglas,
and Northrop, is continuing, These companies participated in the surveys and reviews of the
evolving CSDP. This support will facilitate their future involvement in the program. Therefore
these companies will be primary candidates for CDS Beta Sites. Discussions about this possibility
will be conducted after subcontracting agreements are finalized.
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3. NEEDS ASSESSMENT

This section provides information on activities that are being conducted to improve tile
CSDP and the CDS. It discusses the on-going assessment of both the process and the system, the
review of new developmental design tools and methods, and tile planned survey of the cockpit de-
sign community.

3.1 Assessment of the Crew-Centered System Design Encyclopedia and the Cockpit
Design System

This assessment is based on information obtained from the work performed during a trial
application of the CSDE and the CDS, and during the program planning and initialization of Field
Demonstration No. 1.

Thc CSDE and the CDS were evaluated to validate capability and sufficiency to help pro-
duce cockpit designs in the following ways: (1 )i through actual performance and analysis of cockpit
design activities; (2) on the basis of' how well the designer is supported in performing the CSDE
activities; and (3) by integration and testing in actual design applications.

Evaluation of the CSDE revealed a lack of depth and direction for a full process description
because there were no definitive procedures for each level of cockpit development (Section 4). The
CSDE was found to: (1) be too general to be standardized; (2) contain implication of traceability
through statements made in the activity summary o," product description without providing a
medium (computer-based or otherwise) to easily locate a traceable product; (3) have no support for
documentation; (4) lack guidance for modeling human capabilities; and (5) only imply iteration of
design through discussion but not through the flow of performing cockpit design process activities.
In addition, the CSDE addresses full aircraft development programs, making it difficult to apply to a
less complex effort such as retrofit or minor avionics modif'ications. Although designed for
flexibility and tailoring, the cockpit analysis activities and tools and the cockpit design activities and
tools lack a formal integration process that would promote user understanding. Also, there is a lack
of clear and concise guidance for the CDT.

Evaluation of the CDS revealed the need for the development of new software tools and the
enhancement of existing ones because many were found to be cumbersome and time consuming to
implement (Section 5). In general, many of the tools lack face validity or the capability to correctly
predict pilot perfimnance and flexibility. Many of the tools only provide predictions of pilot
woikload and do not adequately support critical cockpit design processes that must occur during
up-front analysis (i.e., deriving mission requirement information), program planning, and the
creation of deliverable products (e.g., cockpit design mechanization or traceability documents).
Also. maintenance was found to be too costly due to the age of the CDS.

3.2 Survey of Candidates tor New Analytical Tools

In an effort to strengthen the CDS and in accordance with Statement of Work (SOW) para-
graph 3.4. 1. 1, the CDS project team reviewed new developmental design tools and methods that
were applicable to cockpit design. Increasing emphasis will be given to this requirement in the
future, as initial priority was placed on achieving the level of functionality in the present CDS tools
to meet the requirements of Field Demonstration No. i.

During this reporting period, the following periodicals and conferences were used as
sources of information for off-the-shelf products considered relevant to the CDS:

3-1

., i -•_ ,., i, i - i



a. Proceedings from the STC sponsored jointly by Air Force Systems Command (AFSC)
and the Software Technology Support Center (Reference 7);

b. Software Technology Support Center (STSC) software tool evaluation publications,
including the Requirements Analysis and Design Tool Report (Reference 8);

c. The Falcon bulletin board announcements concerning USAF-sponsored research-and-
development programs. (Falcon is an Air Force computer that is used at AIJCFH);

d. Various trade journals, including Electronic Data News (EDN), Institute of Electric and
Electronic Engineers (IEEE) Software, CSERIAC's Gateway newsletter, and Info World;

e. Air Force Institute of Technology's (AFIT's) ComputerSelect data base on Compact
Disk - Read-Only Memory (CD-ROM);

f. The National Aerospace and Electronics Conference (NAECON); and

g. The Professional Development Seminar sponsored by the Association of Computing
Machinery (ACM), May 1, 1993, X-Windows applications development tools and techniques,

In addition, the need for possible replacement or augmentation of existing CDS software
and hardware tools was identified in thirteen areas. Each area is described in a subsection below.

3.2.1 Tradeoff Analysis

The CSDP calls for a systematic approach to tradeoff analysis in activities associated with
up-front analysis, function allocation analysis, and the evaluation of design solution candidates. In
the original system, the Survivability Measures and Methods Evaluation Technique (SUMMET)
was provided to support these tradeoff analysis activities. The SUMMET software provides
decision support for trade-off studies, but contains a number of areas that need improvement in its
intrinsic structure, input processes, output processes/uses, output usability; its relationship to other
CSCIs; and its relationship to the CDS.

The user must develop the decision structure, and SUMMET does not provide adequate
on-line help or guidance for formulating complex decision structures. Similarly, no support is
provided to the user for establishing utility functions for decision criteria; therefore, the user is en-
couraged to use subjective estimates rather than historical or empirical data.

The SUMMET software has no means for reducing subjectivity or bias of user inputs. For
example, there is no provision for using a working group approach where team members can
supply estimates for their technical area of expertise, or can cross check the input values of others.
The user is unable to backup from incorrect menu input selections; the only alternative is to abort
the program and lose unsaved, edited data. The program is also sensitive to unexpected inputs and
often responds with a stack dump or system crash. In other words, the program attempts to act
upon an incorrect input without checking if the input is allowable, such as occurs when text is
entered in response to a request for numeric data during the "add utility" and "select type" prompts.
Further, when editing a proposal description, there is no indication that a 132-character width is the
maximum allowable since the auto wrap does not work. Violating this character-width limit can
result in a stack dump and data can be lost. After weighting on a parent node has been performed,
the user cannot perform weightings on children nodes with successors. Unless all appropriate
nodes have been weighted, the tree will not compress.
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The user interface for input processes sul Fers from two problems. First, completion of
some selections from the main menu results in uncontrolled scrolling of informnation outside the
bounds of the viewing window. Second, not all feedback indicators are correct. Fgor example, there
may be an indication that ceitain files have not been created when in fact they have. Although the
output from SUMMET assists with trade study decisions by ranking candidate proposals, the
complete underlying structure is unkrnown to the user. For complex models, a graphical presenta-
tion of attributes for decision options is required.

Overall usability of SUMMET suffers from several deficiencies, It is possible to inten-
tionally or unintentionally bias results through understanding or igno'rance of the software, there are
no cross checks (e.g., requests for duplicate entries but in a slightly different format) to suggest that
biasing has occurred. TP' program is difficul'. to use and requires special knowledge of file
c:reation and retrieval. A significant anmount of training and practice are required unless tile user has
a working knowledge of statistical probability distributions, set up of trade studies, and
scaling/interpretation of study output. The documentation is weak and there is a lack of tutorials (or
test cases) and online context-sensitive help functions. In summary, the usability does not appear to
be well suited to CDS needs. These problems are described in CRs 53, 56. 57, and 235.

The QFD methodology (Reference 2), which is espoused as a structured method for solving
problems, is being considered as a possible replacement for SINMMIiT. Other aircraft design
co1mmunity organiZatio•ns are developing methods that have evolved from the QI:D methodology.
Most notably. several contracts in the Avionics Laboratory have dealt specifically with the use of a
house of quality method for determining which configuration best meets the givlen requirements.

To supplement thie QiD )methodology, QFD-rclated tools are also being evaluated by Veda
to foster a systematic approach to the tradeoff analysis activities in the CSDP. Veda's sur'vcy of the
-C)milpurrchlect data base revealed that QFD l)esigner is the only commercially available tool that
imph.iments the QFID process. The QFI) Designer contains other tools, such as the AlI1P
(Rfcerence 3), which will also be considered as a possible SUMMIFT replacement. A copy of QI;)
-Designer was purchased from QualiSoft, Inc_, and hosted onl an International 13usiness Machines
(IBM) PC-compatible workstation. Several CCCD project members attended a one-day workshop
on the practices and tools that can be implemented in a tradeoff analysis process. Several separate
tools and procedures were presented, including AIlP, These tools will be aipl clt. aind evaluated
during 1Ficld Demonstration No. I for possible inclusion in tile CI)S.

3.2.2 Subject Matter Expert Knowledge

The CSDP relies on the operational experience and stubjectivC ript1. from subicct matter ex-
perts (SMEs) of all cockpit areas: however, in the initial configuration of the C1S, there was no
support for obtaining and eliciting knowledge from SMEs in a structured, unbiased manner. Also.
there was no medium for directly storing information obtained from the SMlIs. There was a need
to evaluate methods and candidate tools for capturing, structuring, and retaining SME, information.
B;i,4c, on current research and development at the Armstrong Laboratory. concept mapping was
.,igge, ted as a possible solution to this need.

Concept mapping is a knowledge-acquisition technique that has been designed to capture
and graphically represent the relationship that exists between concepts in the SM"'s understanding
of the problem space, and the solutions that the expert applies to the problem. Concept mapping is
the only known technique that has been proven to be an effective knowledge-acquisition process in
several Air Force programs.

The TAKE2 software, an experimental information analysis prototype. supports the creation
of concept muaps. The TAKE2 sol'twarc was originally called the C.ocept lnterpretcr (Reference 9).
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The structure of the concept map can be reformatted and used as input into the relational data base
domain. As a data base, the information content of the concept .naps ýan be manipulated and
organized to provide further insight into crew station analysis activities.

A copy of TAKE2 was obtained in mid-February 1993 and hosted on a Macintosh com-
puter. Implementing TAKE2 presented very little risk. First,, no CDS tool currently depends on the
output from this tool, and no CDS tool directly uses its output. Second, TAKE2 was developed for
AL/CFI-I, so the source code ar.d the developer's experience were readily available. Third, the
TAKE2 software is Government-owned, and thus required no licensing or maintenance fees. The
installation of TAKE2 required no integration effort since it is a standalone application.

3.2.3 Graphical Interface Prototyping

Sherrill-Lubinski's GMS is the CDS tool currently used for the prototyping of graphical
PVI devices. GMS suffers from two problems. First, it is difficult to optimize the resulting prod-
ucts to attain real-time performance, as was experienced in implementing the F-16R multifunction
displays for Field Demonstration No. 1, because of inefficiencies in the code.

Second, GMS does not provide all of the functions necessary to support control/display
prototyping in the CDS context, as illustrated in the following examples:

a. The selection of icons is extremely limited; e.g., when drawing an indicator needle, ar-
rowheads are not available for use. This lack of arrowheads extends the amount of time and effort
required to create a display format.

b. A complex fill cannot be done without creating multiple objects. This limitation makes
it difficult to implement compound control/display concepts (e.g., putting multiple displays on one
pancl). Shcrrill-Lubinski has acknowledged this limitation as an error but has not indicated when it
will be fixed.

c. Differences in the aspect ratios between the workstation display and the cockpit display
miake it nccessary to distort an object to make it appear to be symmetric; (e.g., an object that appears
to be a circle on the cockpit display must be defined as an ellipse). This requirement creates
problems when items within these nonsymmetric objects (e.g., a needle inside an altimeter) are
animated; the needle appears to shrink and grow as it rotates.

d. The GMS preview mode does not redraw occluded objects, so that a moving object
permanently erases all objects that it occludes.

e. Finally, GMS does not support the creation of graphical objects directly to physical
dimensions. Given the need to design a device to a certain size, a special calibration between the
prototyping workstation and the cockpit display must be made.

Other available graphics prototyping system may not solve these problems without intro-
ducing other problems. Nonetheless, Veda has been investigating products that might improve the
usability and real-time performance of the CDS control/display prototyping system.

Coryphacus Software, the producers of Designer's Workbench (DWB), provided portions
of a Lockheed/Marietta study (Reference 10) in which their product was evaluated against the GMS
and Virtual Avionics Prototyping System (VAPS). Coryphaeus furnished the material that per-
tained to their product, the complete study is not available. The version numbers of the products
wcre also not available. In the excepts provided, it was stated that I-ockheed/Marietta found the
DWB to be the best overall choice. The excerpt stated that the advantages of the DWB over the
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GMS are: (I) tile editor is easier to use and (2) tile program integration IrCtrcs can be installed
more easily between two graphics objects and tile program data.

A demonstration version of DWB (Version 2.0) was requested in early April 1993 and
provided at Wright-Patterson AFB in early May 1993. Version 2.0 k !;i-,hly constrained, it in-
cludes no developmental tools and there is no way to edit or inspect the displays and the underlying
logic, nor to test tile program integration features (hooks). Nonetheless, this version wvas used to
drive a Horizontal Situation Indicator (HSI) display, a Multil'unction Display (MIWD) and two
PFDs. These displays were full-screen displays hosted on the v lsg 10 workstation. Performance
was found to be about thc same as GMS: 9- 12 Hertz (HIz) Coryphaeus claimed that there is an
error in the demonstration package that slows its performance. In the future, a fully Lfncttional
version of DIWB will be acquire(] on a temporary loan basis. It Will be subjected to a systematic
evaluation that will begin with established requirements in the atreas of functionality, usability, exe-
cution speed, cost (both recurring and non-recurring), and compatibility with other CDS and non-
CDS tools. The DWB, VAPS, and GMS will then be evaluated comparatively with tile established
reiLlii'ements, and a recommendation (with rationale) Will be prepared.

3.2.4 Engineering i)esign Simulator Aerodynamic Model

Twenty CRS were written regarding the speed, validity, and Modifiability of the aerody-
nMImic model in the EDSIM, as documented in Section 3.4.5 of the Delivery Order 9 lFinal Report
(Reference 11). Two possible replacements were investigated for this model to satisfy the re-
qu i rements for the - I OR prlOijcCt during Field Demonstration No. 1. The only two available, non-
proprietary models that were found were the F-16 aerodynamic models that were located at
Williams AFL3 and Edwards AFB.

The Edwards AFBI model does not currently ,iun on ;an SGI Workstation and \vould require
a substantial effort to rehost. There is no documentation on the model or its use. Rehosting the
model would require extensive work, including the cooperation of Edwards personnel.

The Williams AFB model does run on an SGI workstation, but is lightly linked to otheri
processors in a highly distributed environment. It is written primarily in asc,,mblcr language, Withl
portions written in the I Formula TI'ranslator ({FORTRAN) and C languages. 'I'his would serve to ill-
cr-ease the magnitude of the rehosting effort. The Williams AlBI model is also unaccompanied by
any doculllmenlation.

After consulting with Merit Technology to assess tile impact ol integrating either of these
Models into the CATBATS, it was agreed that six to eight person-months of labor Wouldh bC Ic-
quired, Documentation would then have to be prepared. In view of' the objectives, priorities, and
time constraints of Field Demonstration No. 1, this magnitude of effort could not be justified. The
priorities may be adjusted in part as a result of the industry survey that will take place in parrallel
with tile latter phases of Field l)emonstration No. 1, in which industry's level of interest in the

IDSIM will be gauged. If the simulator is seen as a high priority CDS component, the replacement
of ,le ',erodynamic model may be justified. At that point, a further assessment of the capabilities
a I i -i 'lct of alternative models wviii be conducted. In the meantinme, the existing mtdel wvill be
us[': ipport Field Demonstration No. I.

3.2.5 System Logic and Design

()nle of the areas noted for improvement in the CDS tools is the ctiirrent lack of support {or
the system logic and definition process. There are currently no CDI)S tools that assist ill designing
and specifying ,avionics state transitions and logic flows. Inl the design of controls and displays, it
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is critical to understand all of the possible variables and the functions associated with the dynamic
interactions of cockpit components. With a logic flow tool, a design team would be able to chart
each potential function to each subsystem, or to simply trace each path to determine what design
integration must take place between subsystems or buses.

In computer science, logic flow tools are part of the Computer-Aided Software Engineering
(CASE) environment. More specifically, these tools belong to ihe family of requirements analysis
and high-level design tools referred to as Upper-CASE tools. A comprehensive assessment of
Upper-CASE tools was produced by the Air Force STSC (Reference 8). The following tools were
identified as candidates for CDS integration: PowerTools, Software Through Pictures (STP), and
Statemate In view of current priorities relating to Field Demonstration No. 1, further assessment of
tools in this aiea was postponed.

3.2.6 Cockpit Design System Operating System

To reduce the CDS ownership costs, to improve speed, and to reduce software maintenance
costs, the CDS software tools are being converted to a single operating system: UNIX. This
permits the elimination of the DEC-proprietary VMS operating system from the architecture, and a
migration towaid a more efficient, open (non-proprietary) architecture. UNIX is the most widely
used operating system and is available on a large variety of platforms, rendering the CDS software
more readily portable to other systems. The DoD is encouraging adoption of UNIX-like operating
systems. The government's Portable Operating System Interconnect Extension (POSIX) standard
is essentially a UNIX standard.

UNIX includes exceilent network support. There are two networking products bundled
with the UNIX operating system at no additional fee: Transmission Control Protocol/Internet
Protocol (TCP/IP) and Network File System (NFS). The TCP/IP, the first of two networking
products, is a stream-oriented transport layer protocol and supports a worldwide standard. This
protocol guarantees delivery of the data or negative acknowledgment if the transfer fails. The pro-
tocol is not hardware-dependent and has been implemented on Ethernet, Pronet, and fiber optic
networks. Since Ethernet is provided without extra cost on all UNIX platforms, TCP/IP support is
also available without additional software, coding, or cost. In addition, all other non-UNIX
platforms have at least one commercial TCP/IP package that allows a basic file transfer, if not
higher functions. The most common application programming interface for TCP/IP is Berkeley
Sockets This interface allows the stream protocol to look identical to file input/output (1/0), allow-
ing programs that already perform file 1/0 to perform the same function over the network. These
networking capabilities are necessary so that the CDS can be integrated with other manufacturers'
platforms and peripherals without additional cost.

The NFS, the second networking product, allows a local file system to be exported and
mounted remotely on any number of machines seamlessly and transparently. To the CDS users,
the remote system looks like part of their local file systems. This is an excellent method for sharing
data files and tools for multiple users because it eliminates the need for a user to move to a different
terminal to operate certain CDS tools. The remote mounting feature also reduces the re-
configuration effort when another processor or terminal is added to the EDSIM system.

With UNIX, a program on a givea CDS workstation can easily start a program on any other
workstation The invoked program's standard terminal interface is routed across the network to
the invoking program, and the invoked program cannot tell the difference. This feature is essential
to the EDSIM for centrally starting the numerous programs that make up the simulation
environment.
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This recommendation for the VMS-to-UNIX conversion was documented in CR 275. CDS
tools developed under UNIX, and in compliance with X-Windows (Section 3.2.8), are readily
transportable to other platfcrms that also offer these industry-standard systems. The tools can be
implemented in any of three languages: C and FORTRAN environments are bundled at no extra
cost with the UNIX operating system and an Ada environment was purchased and installed to
support the maintenance and development of Ada-based CSCIs.

3.2.7 Data Base Management System

INGRES is a general-purpose DBMS that was delivered as a VMS-based component of the
initial CDS configuration. INGRES was found to be inadequate because it was cumbersome, not
user-friendly, and quite expensive, not only for the package itself, but also for the support. In the
migration to the UNIX platforms, a re-evaluation of INGRES was made. The requirements for a
UNIX-based data base package are listed below.

3.2.7.1 Data Base Management System Requirements

a. American National Standards Institute (ANSI) standard Structured Query Language
(SQL) compliance, which would allow the easy porting of analysis tools and data bases to other
SQL-compliant DBMSs. It also provides a standard interface from which applications can be
created.

b. Embedded SQL (ESQL) support to allow data base manipulation from tools that were
originally written in a third-generation language such as C, FORTRAN, or Ada. This will be es-
sential in the development of GIT, DTM, and other tool upgrades.

c. Fourth-generation language (4GL) support to quickly manipulate data and generate re-
ports with little code generation.

d. Easy-to-use user interface generation. This inclu-tes the possibility to generate a GUI to
allow the visualization and manual manipuiation of data.

e. Distributed processing capability. Distributed processing power across the new plat-
form's network would significantly reduce network traffic and speed data base access. In this
manner, not every user who employs the package from a remote node will have to remotely log into
the server.

f. Cost, both non-recurring (purchase price) and recurring (update/maintenance service).

g. Quality of support and maintenance.

3.2.7.2 Data Base Management System Selection

Only three commercial data base packages were available for the UNIX operating system on
the SGI workstations, per discussion with SGI marketing personnel, namely: ORACLE, INGRES,
and Informix. The following paragraphs compare the three data base package options in terms of
the requirements listed above.

a. All three data base packages allow for ANSI-standard SQL data base manipulation.

b. Al! three packages support ESQL for the SGI platform. However, INGRES provides
no ESQL support for Ada, which is a serious deficiency.
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c. While somc degree of 4GL support is supplied by all three packages, the implementa-
tion is specific to the data base and differs in its syntax, versatility, and ease of use,

d. The user/cornputer interface, except for basic ANSI SQL, varies from DBMS to
DBMS, The primary interface factors to consider ate forms generation, 4GL, and other features
that enhance the interface by making it easier to use, It was apparent from previous experience with
INGRES that if a package is hard to use, no one will want to use it. This was a major factor
weighing against the reinstatement of INGRES on the new platforms.

c. All three packages support a distributed environment. This, however, becomes costly in
terms of software purchase and support. Cost figures were obtained from both Informix and
INGRES. These figures showed that the per-user costs of INGRES are higher than Informix,
taking into account those options needed to meet the basic requirements of thc tools environment.
Also considered were those factors that would allow the aforementioned distributed processing.
ORACLE has not responded well to inquiries made, but is also historically an expensive package,
The per-user costs for Informix are significantly less than those for INGRES. (It should be noted
that a usetr constitutes a single application under Windows, so that one person running three
DBMS applications would count as three users.)

f. Support and maintenance of the DBMS are critical in the first year of application design
and implementation, Fast turnaround to inquiries is essential to keep the project moving forward.
It has been out, experience thus far that the Informix vendor has been most expedient in responding
to inquiries and supplying information. INGRES was slow to respond, while ORACLE said they
would send information, but did not do so, Another factor that favored Informix is that SGI is
marketing Informix as the preferred I)BMS for the IRIS systems, which will go far toward
ensuring future supporiability.

In view of the above restilts, Informix was recommended (CP 5) as the replacement for
INGRES. Informix Online, ESQL/C, 4GL, and SQL were purchased and installed on vlsgl6. To
date. Informix has proven be anl effective means of implementing DBMS-dependent tools and
functions, includin,' ' .. TMT.

3.2.8 (;ralThica Ue- l',.tLface

A GUI .... .ier wa., .weded to develop windowed Informix applications at an efficient pace.
The three leading 11wodutL were considered: UIM/X, TelCUsC, and Builder Xccssory. The criteria
for the selection consisted of: (1) the ability to interpret codle; (2) a library of' well-documented
functions; (3) product maturity; (4) ease of' learning; (5) ease of use; (6) completeness of
documentation; (7) cost; and (8) supportability. Demonstration versions of' UIM/X and Builder
Xcessory were obtained for evaluation. Teleuse was eliminated early due to its exceptionally high
cost, which was more than twice that of the other two systems.

UIM/X (References 12 and 13) received the highest evaluation and was the recommended
solution, as documented in the memorandum attachment to CR 288. Two possible sources for
UIM/X were identified: SGI and Bluestone Consulting. Bluestone offered a lower price and in-
cluded a Bluestone Widget Collection at no additional cost.

3.2.9 Workload Analysis

Two CRs (204. 250) cited the need for improvements in the original CDS workload
analysis tools. No procedures or users guide was available for the integration of data between the
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workload-assessment CSCIs, Too many .vorkload calculations were possible and provided vo-
luminous amounts of data that were difficult or could not be integrated and interpreted. Some
workload calculations. as well as the tools, lacked validity and predictability. The tools were not
sensitive to the small motor movements and cognitive loads imposed by more recent cockpit de-
signs. The reconunendation resulting from Veda's work on Delivery Order 10 (Reference 14) was
that these tools be replaced by a valid and reliable workload modeling tool.

A set of candidates for tools were evaluated against requirements and on the actual experi-
ence of using, or attempting to use, each model. Tlhe tool evaluation requirements were as fbllows:
( 1) single path versus Inultipath analysis; (2) program phase applicability; (3) underlying informa-
tion processing theory; (4) predictive validity; (5) relative complexity; (6) applications; (7) breadth;
(8) time requirements for use; (9) interpretation of results ability; (10) associated cost; and (11) cost
effectiveness.

The SWAS obtained the highest rating in meeting the CDS needs. The results are pre-
sented in Table 3.2.9-1. SWAS predicts channel loading, workload peaks, overall workload, op-
erator requirements, equipment impacts. and time requirements. The data is provided per crew-
member task and can be sunumarized for individual task groupings, pa'tial or full mission segments,
or even the entire mission. The SWAS output provides useful analysis information for the
workload-assessment activities within the design process, The CSDP identifies those activities in
the context of the overall process and relates SWAS to the other CDS tools.

Table 3.2.9-1. Results of Workload Analysis Evaluation

Attributes U [o•

00Models o ....- •

SAINT Lo Ill I A) L. Lo Md III L.o Lo L.o Md

CRAWLI H Lo La o L .o HI[i IA Md Md Md Lo.

C-TIA HIi H i L.o Lo Lo Md Loa Lo Md LL) MCI

M-SAINT I.A) HI LO Lo Lo Md H i Io 1o ILo Md

SIMWAM Lo Md LIU Lo Lo Md Ii Lo L.o IL Lo

WOSTAS Lo Hi Lo Lo Loa Md Md Lo to Io Lo

HOS Hi H i Lo LO tA. HI ili Lo Lo Lo Lo

OWLES LO Ili LU Lo Lo Md HIi Lo Lo Lo Lo

SWAS Hi Hi HI Hi Md tii !II Md HI Md Hi

W/INDEX HI Lo Md L.o L. Md Ili HlI Md HI Lo

SWAT H i Md La Hi LA. La Md Lo Lo Lo Md

TLX i-li Md La ! Hi La Lo Md Lo a o Lo I. L l
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In February 1993, a copy of SWAS , with license, was obtained from Sequitur Systems on
a temporary (18-month) basis. A users manual was included (Reference 5). As a result, an eval-
uation of SWAS will be made during Field Demonstration No. 1. If SWAS proves to be
acceptable, it will be proposed as a permanent member of the CDS tools.

In April 1993, a SWAS trained consultant helped to produce the workload results and pro-
vidcd instruction and training in the application of SWAS to the F-16R project personnel. In the
future, the availability of a CDS Users Manual for SWAS will help to control training costs. The
temporary nature of the SWAS acquisition will control the magnitude of the initial investment,
leaving resources for other alternatives if SWAS is not viable.

3.2.10 Reach and Vision Analysis

An evaluation of the original CDS tool for reach assessment, Operator Assessment of
Reach (OAR), revealed several major areas for improvement: (1) the placement of controls can only
be defined in a two-dimensional sense, which results in all controls being internally represented as
flat-panel surfaces; (2) no capability is provided to identify obstructions to portions of the limbs
and joints; (3) there are no clothing options available in the anthropomorphic data, and no capability
to include chemical/biological protection equipment; and (4) the user interface is inadequate in both
input and output phases.

The evaluation of the CDS vision assessment tool, External Vision Analysis Program
(E-VISION), revealed additional areas for improvement: (1) there is no capability to assess eye
protection requirements; (2) data input procedures are tedious; and (3) there is no capability to
overlay Military Standard (MIL-STD)-I850B requirements.

Two candidates were surveyed for replacement of OAR and E-VISION: Computerized
Biomechanical Man-Model (COMBIMAN) and JACK. Copies of the JACK Users Guide and
Programmers Guide were obtained. The evaluation indicated that this tool is not compatible with
I-DIAS or any off-the-shelf Computer Aided Design/Computer Aided Manufacturing
(CAD/CAM) system because JACK uses its own unique system. Additionally, validation data
could not be obtained on the tool.

The CDS Upgrade Plan (Reference 15) recommends the installation of COMBIMAN as a
replacement for OAR and E-VISION. COMBIMAN has the capabilities to satisfy the above-men-
tioned needs. COMBIMAN was validated by the USAF and used in analysis activities by several
DoD aircraft production programs. Assistance and documentation are readily available because it is
an Armstrong Laboratory product. The COMBIMAN support contractor has begun to rehost the
tool on the appropriate C'3S SGI workstation.

3.2.11 F-16 Throttle and Sidestick

To configure the EDSIM for Field Demonstration No. 1, an F-16-like sidestick, an F-16
Block 30/40-like throttle, and a patch junction box with power were required. Veda identified sev-
eral alternative solutions through di,,cussions with knowledgeable personnel from the Armstrong
and Wright Laboratories.

The most cost-effective source was Technical Products, Inc. (TPI). The TPI simulator
prodcts arc very affOrdable and have been successfully used in several local laboratory facilities.
The 1-16 sidestick was received and installed in late March 1993. TPI modified their F-16 throttle
to make it a more realistic representation of the actual device and it was installed in July 1993. TPI
also designed and delivered panels that facilitate installation and re-moval of the control devices.
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3.2.12 Design Traceability

As specified in the System Segment Specification (Reference 16), the Designer's Electronic
Notebook (DEN. Reference 21) was intended to guide the cockpit designer through tile CSDP,
displaying the process to the designer and allowing hin/her to step through its various phases and
activities. It was also intended to allow the designer to launch various CDS tools, to have acccss to
a daily electronic logbook, a lessons-learned data base, and a glossary of terms used in the design
project, However, the DEN that was delivered with the CDS was known to be deficient in
satisfying any of the requirements stated above. This fact was determined through an assessment
made during the Delivery Order 10 contract (Reference 14). Througlh the process described below,
Veda determined that the best solution was to develop a totally new to-ol called the DTM to replace
the DEN.

Veda prepared a more detailed set of requirements and documented them in the DTM
V.:sign Document (Reference 17). A DTM Verification Test Plan was delivered as an attachment
to the DTM Design Document.

A survey was conducted of off-the-shelf products to determine their ability to satisfy the
DEN requirements. SDRC's Data Management Control System (DMCS) and Protocol's
Requirements Traceability 'Fool (RTrace) were carefully considered, but these components did not
provide the necessary functionality and had extremely costly license and maintenance fees. Other
alternatives, such as the DEC Code Management System (CMS) and Module Management System
(MMS). and the UNIX Revision Control System (RCS) provided small subsets of the required
functionality but could not be integrated to provide the necessary suppoi't.

The final conclusion of our make-or-buy analysis is documented in '"' 2. DTM is being
implemented in Informix and runs on the CDS workstations. When fully complete, the DTM will
provide the following capabilities: (1) access to all other UNIX-based CDS tools: (2) a user-
friendly, windowed interface: (3) record keeping for day-to-day activities; (4) file support for
multiple users working multiple projects, storing and retrieving data for the selected project and
user, (5) guidance in the CSDP and CDS tool usage; (6) design and decision traceability:
(7) tnanagement support for each project (scheduling, statusing, repoti Ing); (8) the means to update
the procedures.

Section 5.3.2 of this report provides further inlormation on the impletnentation of the DTM'I.

3.2.13 Mission Description and Decomposition

The CDS tools includes Merit Technology's MDTOOL (Reference 4) as a means of
generating mission descriptions and mission timelines. While MDTOOL is fully functional, it has
some deficiencies that might be satisfied by an off-the-shelf alternative. These deficiencies have
been documented in several Change Requests. One general deficiency is that MDTOOL is weak in
its support of air-to-air mission planning. Also, its user interface is not intuitive to the operations
analyst: efti, .- nt use requires in-depth training. The interface does not furnish a desirable level of
error-ham' and user feedback. Due to these and other needed improvements, possible
replaceii .. o.r MDTOOL are being researched.

DL. ng the reporting period, two alternatives were evaluated: the Tactical Aircraft Mission
Planning System (TAMPS) and the Air Force Mission Support System (AFMSS). On 29 October
1992. Veda and CCCD Program Office personnel visited the Mcl)onnell l)ouglas Corporation in
St. Louis to attend a demonstration of' TAMPS. The TAMPS software uses various types of
Defense Mapping Agency (DMA) data to support mission planning: Digital Terrain Elevation
Data (DTED); imagery from satellite photos: Digital Chart D)ata, and World Vector Shoreline.
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1TAMPS uses aircraft performance data from twenty-six lool-up tables, Other TAMPS capabilities
include weapons and stores loadout data; target maneuver calculations such as laydown, pop-up,
straight-path dive; and loft maneuvers; weapon delivery calculations; threat avoidance displays;
mission analysis; and production of a combat mission folder,

The TAMPS software was then evaluated in light of CDS requirements and documented in
tile trip report (Reference 18). It was concluded that TAMPS offers capabilities similar to
MDTOOL in many areas, and substantially better functionality in several other areas. There are
four major drawbacks:

a, The TAMPS software requires modification to produce the Event Timlelinle (ETl.) and

lthe EDSIM interface files;

b, The TAMPS software offers no support for the generation of air-to-air scenarios;

c. The TAMPS host (a Sun SparcStation) is not available in the current CDS W'chitecture;

d. The TAMPS interface is poor, McDonnell Douglas is currently redesigning it in Motif.

It was recommended that the Air Porce request a no-cost copy of the TAMIPS source code
to investigate the cost of developing the necessary upgrades. It could bc hosted onl a temporary
basis on a Sun SparcStation in the off-site Veda facility for hands.-on evaluation. No further action
has yct been taken on this recommendation,

The AI"MSS contract was recently awarded to Lockheed/Sanders Division. The AFMSS will
become at widespread Air [orce standard, and thus would be a valuable addition to the CDS. It will
replace the Mission Support System (MSS) II, which sonic USAI' agencies are now using, Veda
received a demonstration of the AI:MSS user interface at the 1993 NAICON convention, It
appeared to be a highly effective interface. The AFIMSS status and objectives were then discussed
with the government's technical representative, In view of the current developmental status of the
AFIMSS, it would be premature to recomlmenld inclusion in the CDS at this time; however, Veda will
continue to monitor its development for possible integration into the ('l)S tools at a future date,

3.3 Cockpit Design Community Survey

Survey materials arc being compiled for distribution to the cockpit design community to
obtain in formation regarding future requirements and implenmentation of the CSDl3 and the CDS.
The package will be sent to qualified reviewers for input and comments under a subcontract agree..
merit. Information from these revitews will be consolidated and, along with lessons learned during
Field Demonstration No. 1, will form the basis for the CDS upgrade planning.

3.3.1 Need for Survey

The rationale behind the Industry and Government survey is to take into account the end
user requirements for the CSDP arid the CDS. An end user is defined as any cockpit design orga-
nization that has a dircct impact onl the outcome of aircraft cockpit designs. Two kinds of organi-
zations have a direct effect on cockpit de'igns- an aircraft manufacturer cockpit design group, and a
government System Program Office (SP1O) cockpit design group. The aircraft cockpit group
directly perforins the analyses, design, and evaluation of the cockpit system, while the SP1O group
helps to structure the aircraft user (coriinand-specific) requirements and ensures that Ot wc cockpit
maeets or exceeds those specific requirements. Both are responsible to higher organizatior'• and re-
quire specific products f'rlom their activities. The focus is to provide a system that can ,'- IOlilfl ill
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niecessary activities inl a tfimely manner to nicet or exceed the needs of thc crew and thc mission
primlar-ily and other Systems seconidar~ily.

3.3.2 Survey D~eve'lopmnwit

To gainl a perspectiye from thle cockpit design community, a medium to gather information
was required; therefore, a comprehensive survey package was designed. This package includes a
narrative description of thle CS 1)1 that illustraItes its design process activities, inspectable products.
and computer support tools, A network model ol the process was co)stRuNCtd to elicit industr-y
feedback. Thle neIworIk' Conta1ins activity nodes that describe tasks thr1oughIout a1 typ~ical designl
problemn, and piOdue~t 11odes that out11l n thle C0nte011 of intermediate and final pr-oducts SUCh as plan11S
Ind reptorts, The graphical representation ol'the netwvork was developed in Macl~raw -ro, an th
Ctextual portions wvere de V'elopCd Inll MiCrOSOft Word,

Tlhe cockpit design activities were identified and sequnced CoL a0i level of detail at wvhich
dilv idulal tasks, and thle produLcts they' prIodUce, could ble seenI. FCI SaCIiO seriesodciVities Was logically

ila ',Iggreatd int(o piodoct s;I~ ISe iasspec i icat ions, coc kpitC designl do0CUmlents, aid tr-aceability
docume n te s for ntaj ut-ut ilestone activities. Once t Iiis top-level breakouit was accomplished. it was
concluded ilhat indttst ty feedback (regar-ding their cockpit designi prIoceSS) was necessary before
conItinu~inlg With thle lull1 deCscript(ionl of'11 the(CeSS.

3.3.3 Survey C.onttent

The in~duJStry/gove rut tenlt survey paickage consists of' illSIRC6ru tios to thle e vaILtutol', a ltd I-
colo r 8gras hical and textual di.S~' cipt ion of' thle process (WhItich inclodeIL pl-OCC(IlutS, dalta bases anld
tool I-CfrnCesIL.') With a (questiouttlatre. a scenlatlo walk-thr1ouigh ofll thVpocess as it wou~ld bie applied
to at htypothetical problctiil (WithI e itbedded quest ions), and a post-c vluation quest ionnairie. Sonic
speei lie quest ions are asked in t[lie scenario, and writtenl reommend at ions for potential CS Dl and

(1)5 requirements and design pr1ior-ities aile requeLIsted. Also, site Visits With each oftthe evalluators
ate p1lannted tO ensure- that1 inl torn1 liat ionl pert incent to the pro~cess and thle deCsignl sLI )P()lt tools I taS
beenI Captuiircd.

The imldust ry/govern tile n t surIVeY package sotlic its icedhack conceini ug the viabili ty, accep-
lance, and validity of (lie C'S 1) and the (1)5. Recomlinendaltions Will ble sought regarding finle
detailIs needed in the ('St ) and onl Whether thle (71) tools are Considered useful. information will
ble reqLuestedI thrlough both written reviews and subIsequen~it formial face-to-face dIiscus.sions.
Together, the results frontl these 11inqirlies Will bie Used to help) defineC requliremnltlts for1 future Up-
grades to thie CSDI' and thle C1)S.

3.3.3.1 I'valuator I tistructiotis

To prepare those in induiLstry and govetntment program offices for evaluation ot the CSDIP
and thle ('1), anl inltr'oductory letter anld a pie-evaluation01 inlstruct1 ioswere pro'(vided to precede the
descriptive process over-view and scettatio walk-through of the p~i-(css.

3.3.3.2 Ct cis-Cen:tcted System D~esign Process Description

IThe (SI )l descriptiolt contains at top-level view of how to us~e thle (i)S (along with its pt1o-
Cedur-eS, dat ii bases and tool1;) to I)CI to1-I itm timei-critical Series of, design iterations. The struct uic of



the process activities is broken down into five major classes of activities: Up-Front Analyses,
Program Planning, Crew System Analyses, Crew System Design, and Crew System Evaluation.
Each area is dependent on the other and employs multiple iterations to develop and refine the
cockpit design.

3.3.3,3 i•cenario Walk-Through

The scenario ,alk-through is arranged in nine segments that describe a hypothetical cockpit
problem, the CSDP, the work environment, mission decomposition, traceability, design activity,
testing, CDS-generated products, and a conclusion. At the end of each segment, the reviewer is
asked to judge how well the characters in the scenario are able to use the features and capabilities of
the CSDP and the CDS to solve some aspect of the cockpit design problem. These questions elicit
opinion about the benefits and costs of the CSDP and the CDS, the credibility of the underlying
technology, the perceived organizational changes when using the CSDP and the CDS, and the sat-
isfaction of the cockpit solution. The answers to the questions will provide a means to establish and
rank present and future system requirements.

A scenario presented in this way will complement the CSDP description. Whereas the pro-
cess describes how the technical content of the CDS is intended to support the CSDP, the scenario
measures user sentiment about the acceptability, validity, and viability of both the process and the
tools. Information from both sources should be useful in determining requirement trade-offs.
CSDP development information can be found in Section 4 of this report. A current working ver-
sion of the CSDP description is provided in Appendix C (Reference 66). The scenario walk-
through is provided in Appendix E (Reference 66).

3.3.3.4 Post-Evaluation Questionnaire

The final component of the industry/government review package is the post-evaluation
questionnaire. The questionnaire probes the composition of a design team, the work environment
(to inchtie computer hardware and software), and the reaction of the evaluator to various design
objectives.

3.3.3.5 Follow-Up Review Sessions

Once the survey material has been delivered, a period of three weeks will be allowed for the
revicw teams to perform the evaluation of the process and to answer all of the questions.
Clarification questions from the reviewers have been encouraged and will be answered by telephone
prior to the face-to-face meeting. The reviewers will then return the materials and Veda will
examine the replies and formulate a discussion briefing that will be presented to each specific re-
view team. Soon afterward, a face-to-face discussion will be conducted with each review team
concerning the information that each has provided. These discussions are vital to the success of the
program and will ensure that the feedback is interpreted properly. Approximately one day will be
spent with each team to discuss conclusions and to ask supplementary questions. This initial
interchange is considered a critical step in the quest to enhance the CSDP and in the establishment
of an open discussion link with the review teams.
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4. CREW-CENTERED SYSTEM DESIGN PROCESS DEVELOPMENT

The fundamental element of crew-centered cockpit design is the effectiveness of the CSDP.
The CSDP is intended to provide a CDT with information and guidance that will enable the devel-
opment of quality cockpit designs in a timely manner. The thrust of the CSDP development is to
build a process that the aircraft industry will want to use, and to provide the supporting procedures
and tools that will allow it to be applied correctly and efficiently. To do this, all assessment is being
made of the CSDP as well as typical, current, and past industry practices. This assessment is being
done to allow for possible improvements to the CSDP and to industry practices that will better
support the production of crew-centered cockpit designs on a consistent basis.

The intent is to compile a workable set of activities that are necessary and sufficient compo-
nents of the cockpit design process, using both interactive and iterative attributes srnce they are
critical aspects of that process. To define, create, and evaluate a cockpit depends on the ability of
the CDT to: (I) apply the results of one activity as the input for the next related activity
(interaction), and (2) determine when and how to perform the task of re-assessing, re-designing, and
re-evaluating (iteration). The number of interactions depends on the number of baseline activities
chosen, whereas the number of iterations depends on the quality desired and the time allowed for
development.

4.1 Process Review

Two separate CSDIP activity assessments were made since the initial delivery of the CSDP.
The first assessment was performed prior to this contract as a part of Delivery Order 10 (Rcference
14) and the second assessment was performed during the first quarter of this contract. As a result
of the assessments, it was discovered that the original CSDP was more like an encyclopedia than a
process. Subsequently, the term "Crew-Centered System Design Encyclopedia" (CSDE) came to
represent the original CSDP.

In both assessments, a lack of depth was found in the CSDE lowest level pages that contain
specific procedures and other planning activities. Specifically, there were no real procedures or di-
rection for a process (definitive step-by-step instructions). An immense aln)unt of information
existed regarding every potential procedure that could affect the outcome of a cockpit design: how-
ever, there were no practical procedures for performing program planning or cockpit design. In
addition to the lack of depth, no meaningful process description for cockpit development was
available. Only a minimum of infornation was found regarding: (1) what to specifically perform;
(2) how to interact with other tasks; and (3) how to iteratively evolve the design. Additionally, the
ability to follow the CSDE procedures for each activity was hampered by the fact that only a top-
level description of how to complete each procedure was provided.

In addition, the CSDE did not attempt to explain the use of either interaction o" iteration,
while the CSDP attempts to define usage by placing procedures in each activity to explain how to
use results obtained from other activities. The CSDP also attempts to explain how to use the cycle
of analysis, design, and evaluation as built-in activities on any program.

4.2 Process Design

With the discovery of the lack of guidance for actual use of the CSDE, it was necessary to
put together a strawman process that reflects the dynamics and intcrdependencies of real-world
cockpit design. For tills representative process, MIL-STD-46855 and its associated Data Item
Desciiptions (DIDs) wcrc u,,ed for guidance. Additionally, experience with many types of aircraft
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designs, most prominently the F-22, B-2, and C-17 cockpits, was used to provide insight into the
formal military standard implementations.

Since there is more than one way to design the CSDP, new methods are being investigated
on a continuing basis for improving the CSDP, delineating its activities, and providing more sys-
tematic tools to capture quantitative results. Specifically germane to all forms of improvement are
the key abilities to produce fully recognizable products, and to prepare those products in a timely
fashion that will not impact the development of other systems on-board the aircraft. The CSDP will
continue to evolve as the efforts described in the following sections are completed.

4.3 Process Description

A description of the CSDP (also called the CCCD Process) was written in order to begin
implementation of the computer software within the CDS (it does not include programming details)
and to gain feedback on its development. This description (Reference 66, Appendix C) represents
requirements that currently are not implemented for Field Demonstration No. 1. Enhancements will
be made based on the feedback received from government and industry.

The DTM (Section 5.3.2) now provides access to the CSDP activities at appropriate times.
The CSDE will continue to be updated over the life of the contract because many of the original
activities that are documented in it are valid; however, they must be finalized and/or explained at a
finer level of detail so that they will be effective. The CSDE will become a data base to hold pro-
cedures that can be added to or deleted from the CSDP according to the need of a particular
prograni.

4.4 Process Implementation Activities

As many facets of the CSDP as feasible were implemented for Field Demonstration No. 1.
A decision was made to focus on pre-established program goals, or marks of progress, defined for
Field Demonstration No. 1 znd described in the Validation Test Plan (Reference 19). The
follow-on will be as full an implementation of activities as practical by Field Demonstration No. 2,
with completion by Field Demonstration No. 3. Through continued application and feedback from
source experts, the CSDP requirements can be refined. Iterative and interactive development are the
two most critical attributes of cockpit design and should therefore contribute the most towards the
full development of the CSDP.

During Field Demonstration No. 1, CSDP activities are performed using the new proce-
dures, along with the current set of upgraded design tools (i.e., SWAS). The area of Crew System
Analysis was determined to be the best defined (in terms of detailed procedures) for verification and
recommendation of upgrades to the process and tools. Activities were defined for the entire
process, while step-by-step procedures to perform those activities were written for only certain
Crew System Analysis portions of the CSDP. Specifics of each of these areas will be reflected in
the results of Field Demonstration No. 1, which will be presented during a Bi-Monthly Progress
Review. The written record will be placed on the DAL.

4.5 Process Application

Due to parallel development, it was known that some procedures and tools required to sup-
port activities would not always be available for application in Field Demonstration No. 1. In order
to perform various parts of Field Demonstration No. I in a more effective manner, information
pages containing specific procedures and other planning information were developed for selected
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cr-itical activitiesi. The inf-ormation pages proavide thle foillowing detailed information fieds: ActivitvIDeflnition, Preceding' A cuivit *v, Succeeiling Acti'it 'v, Pr')ce~lurc'x, Reunnne'nd(d Sq ?f-Ijtwa 7,()l, ak,/Recommnet,d(d Data Bases. These fields werce defined to Per-forml Misvsion Pr-ofile Analysis,Performi Miss ion Scenar-io Analysis. Per form F1 IUnuc i ona I Flow Analysis. P1C roriu1Action/In formnation Analysis, and Perform Task Wor-kload Analysis, all of which ar-e CS Dl) act ivi -tics that are hcing exer-cised dur'ing Field Demonstr-ation No. 1, Tile lull documientation that s-hows"how the CSDP contr-ibuted to accomplishing cockpit design will be available aliter the completion ofField Demionstration No. I1. This docunientat ion will be listed inl thle DAL and will he available inthle Validationl Test Planl reCSult.s, These r-esults will contain anl assessment of hot h thle flbIlydeveloped cr-itical activities and those poten~tial activities dCfl nd aftlter th Field demon01Stration1.

4.6 Process E'volution

The CS Dl technical descr-iption (Re fer-ence 66, Appendix C'), anl examiple sceniario walkthiough (Referience 66, Append ix E), and uiser- and eva1luator LILueSt onirellls (Refece-tc 00,A ppend ices D and IF), wer-e prepareCd fbr induILstry) and govern menl~lt rev\iew. (N mi m11ents f-o ii die1Industr-y/Goveninient Review and( the Veda Team Review wVill he assessed. The intent i~s to analvicethle findings and update lie ('SDI) technical descripitionl to ic f"lect tilie needs of the end user-s. Allsu~ggestion1s Will be taken into consideleat ionl to deter-minle if they imlpr-ove thie q nal itV o11,the pr-ocess.Quaility anid tr-aceability to ct-ew anld mlissionl req ~lii irements Will he thle gulidinlg fauctor's inl theLevaluation pr-ocess. T'he r-esui ts fr-omi Field Denionsti'at ion No. I anld theC 1IndustryV/Government~l
Review will detei-mine thle requiremenlltS for' subsequen~lt (CSD1)' en lanceICneltS Miad li I LI
de nionstirat ions.
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5. COCKPIT DESIGN SYSTEM UPGRADE IMPLEMENTATION

A number of the CDS commercial hardware and software components are more than seven
years old; few components are newer than three years old. Every two to three years, the computer
industry reduces processor costs by a factor of two, while processing capabilities improve by a
higher factor. New versions of operating systems and software toolA are constantly improving and
must be upgraded. Therefore, an upgrade of the CDS commercial hardware and software compo-
nents was needed to achieve performance improvements, with attendant reductions in purchase
costs, maintenance costs, floor space requirement!, and cooling needs. Since an unlimited number
of upgrade paths were possible, it was imperativc that the search for the best approach remain fo-
cused on the goals and requirements of the CSDF3. This initial upgrade will be followed by a major
upgrade to the CDS (adding or replacing applications software) later in the contract.

This section discusses the initial system upgrade requirements and (he subsequent tool de-
velopment that wits neccssamy to accomplish the improvements.

5.1 Initial System Upgrade

a. Background. This system upgrade was driven by the need to reduce the ownership
cost of tlhe CDS and to improve its performance, in addition to the following requirements:

(I) To support field demonstration mission analysis software requirements such as a
limited number and type of ground-L,. "ed threats; the Persian Gulf geographical setting and re-
Squired Digital [eature Analysis Data (DFAD) features, the types of' wcaponis and sensors to be
used: the types of lPVI devices to be employed; and the data to be gathered and analyzed. The
Advanced Tactical Air Rleconnaissance System (ATARS) sensor required an additional workstation
to enable tile sensor view and an additional workstation to handle the pro1ccssfllg required to im-
plenment the mechanization. Section 6,1.3,1 provides tur'ther inlfortnati,6 i tlo IlW h ,scenario
requirements,

(2) To meet the needs of the aircraft industry, potential Beta Sites, and the cockpit
design and _,valuation community. These needs deal with the nature and scope of the simulated
Cnvironment such its the PVI, and the host hardware and software systems that are currenitlv II ulse
andLor arc planned for Use.

The Delivery Order 9 Upgrade Plan (Reference 15), discussCS a 1a1numblr oll r(comllemlIdtd
changes to the basic CDS. Each recommended change includes the rationale, inplenientation con-
siderations, and cost. The recommendationis in the Upgrade Plan (Sections 5.1 through 5.7 therein)
represent a baseline around which an integrated design is being developed. In iple inentat ito of the
majority of the recommencdations was accomplished. The software structure of the CDS is sound
and only small changes to the basic structurc are anticipated unless there is a substatial reason .•s
determined by the data generated from the industry visits.

b. Progress. Two SGI workstations are being purchased and will be used to conduct real-
time simulation trials during field demonstrations (Change Proposal 6). The first workstation, the
Onyx v sg20, will be used as the CATBATS host (currently hosted on v Isg 10) and will offtOr the
following Capabilities:

(1) Software compatibility with the existing UNIX/SGI environment;

(2) Compatibility with the existing Eithernet network;
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(3) Flexibility and expandability to accommodate future CDS needs and to promote

ease of growth;

(4) At least four 100-megahertz (MHz) processors;

(5) At least 128 MB of memory;

(6) At least a 25% increase in the CATBATS update rate.

[igure 5.1-1 shows the current SGI configuration as of June 1993.

The Onyx workstation was the recommnd"5 choice as a real-time processor. The initial
configuration of four R4400 processors, each of wwtch runs at 100 M117. will meet the computa-
tional requirements listed above and may be configured and expanded to accommodate up to 24
processors. The Onyx is expected to improve CATBATS at the rate of four times its existing
computation speed.

The following information outlines the specifications for tile Onyx workstation:

(1) Onyx deskside 4-Central Processing Unit (CPU) 100 MHz workstation;

(2) 64 MB memory;

(3) 1.2-gigabyte disk;

(4) Iris development option' for IRIX 5.0 only;

(5) NFS;

(6) Full extended warranty.

Th,' second workstation, Crimson v lsgl8, will be used for analysis and development work.
Requirements for the second workstation were the same as for the first workstation with two
exceptions: (1) the memory requirements were reduced to 64 MB, and (2) there is no need for
multi.le processors.

The following information outlines the specifications for the Crimson workstation:

(1) Crimson/Reality Engine Graphics Supercomputer with 64 MB of memory;

(2) 1.2-gigabyte Small Computer System Interface (SCS•I• disk;

(3) CD-ROM drive;

(4) Iris development option;

(5) NFS;

(6) Iris performer visual simulation software;

(7) Full extended warranty;

(8) One 100-Mhz processor.
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Both the Onyx and Crimson workstations are fully compatible with existing SGI worksta-
tions. Code may be ported without recompilation. The ethernet interfaces are compatible with the
present SGI configuration and will require no hardwarc. or software changes.

A color printer, digitizing table, and a high-speed scanner are currently under analysis for
further enhancements to the CDS.

5.2 VMS-to-UNIX Integration and Conversion

This section contains the technical details of the CSCIs modified to convert from the VAX-
hosted VMS operating system to the SGI-hosted UNIX operating system. It presents information
on how each CSCI was affected, including porting difficulties, and the current poiling status of
each.

a. Background. The VMS-to-UNIX conversion priorities were originally stated in the
Delivery Order 9 Upgrade Plan (Reference 15), submitted 15 January 1993, and were modified in
CP 5, submitted 17 February 1993. The converted CSCIs are those that support Crew System
Analysis activities during cockpit design: Procedure-Level Timeline Analysis, Task-Level Timeline
Analysis, and Geometry Analysis. Each conversion was completed in four steps by: (1) porting the
code from the VAX to the SGI via TCP/IP; (2) compiling the code on the SGI and correcting
compilation errors as they occurred; (3) verifying the code by running it and using input data files
generated during the Delivery Order 10 trial application and then comparing the output to the output
obtained from the original VAX version; and (4) modifying the documentation as needed to reflect
changes.

Tables 5.2.1-1 and 5.2.1-2 are replicas of the original tables submitted in the Upgrade Plan.
Table 5.2.1-1 shows each CSCI number and name in priority order (greatest priority assigned to
those CSCIs that directly support the crew system analysis activities) for porting, along with CSCIs
that are to be removed or replaced, and gives the current status that includes: Comp (conversion or
replacement is complete); Plan (conversion or replacement is being planned or conversion or
replacement has not yet started); Work (conversion or replacement is in-process). No priorities
were assigned to those CSCIs that are to be replaced by UNIX equivalents or off-the-shelf
commercial products. Although a priority was assigned to each of the other CSCIs, completion was
not necessarily accomplished in the assigned order. The conversions were done in parallel and,
because the amount of time required for conversion varied widely, several of the lower-priority
conversions were completed before some of the higher-priority items.

(1) 57 - DEC PostScript laser printer driver (POSTDRV). This CSCI became obso-
lete due to its dependency on the VAX/VMS architecture. The UNIX architecture maintains its own
printer drivers. A laser printer will be obtained to test the printing compatibility of the SGI drivers
and printer, and an assessment will then be made to determine if the SGI drivers require upgrading
or if the printing capability is sufficient. Status: Awaiting delivery of a laser printer from the
CCCD Program Office to test the printing capabilities of the SGI.

(2) 23 - Survivability Measures Methods Evaluation Technique (SUMMET). CR
235 stated that SUMMET failed to provide sufficient analysis capability. In response to this CR, a
candidate for tool replacement was assessed. The QFD Designer was evaluated after training ses-
sions were attended. A determination wos made that the QFD Designer provided more functional-
ity than is required for trade-study supt ( •nd it was proposed that the AHP methodology, a sub-
set of the QFD methodology, may be mU.L appropriate. After a full assessment of the AHP tool
(Expert Choice), a formal CP wili be vritten to recommend an appropriate replacement for
SUMMET in response to CR 235. Status: Awaiting a final assessment of the QFD Designer that
will be accomplished at the end of Field Demonstration No. 1.
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Table 5.2.1-1. Critical CSCIs Affected by VMS-to-UNIX Conversion

('rIuIca. CSCI Name Port Replace Rcmnove Status
lh rity

* 10 ADA Ada development system UNIX equivalent Comp
I I C C development system UNIX equivalent Comp

* 13 F77 FORTRAN development system UNIX equivalent Comp

* 48 TCPflP Network imnertace package UNIX equivalent Comp
7 VWS DhEC Windowing System X-Windows Con1y

* 57 POSTDRV DEC PostScript laser printer driver * Plan
104 PRSCRN PRint SCReeN utility " Comp

I 3 DEN Designers Electronic Notebook Design Traceability Manager Work
2 5 DBMS Data Base Management System hnformix Comp
3 0 NMT Network Management Tool Tinleline Management Tl' Work
4 20 I-DEAS Mechanical Computer Aided Drawing UNIX equivalent Comp

5 102 CIPI.P Cockpit Instrument Layout Program Geometry Interfaci Tool Womrk

6 24 IATOOL Infohiation Analysis Tool Timeline Managemlent "tXl Woirk
7 76 IAD'BX Data file to support IATI-OOL Timeline Management 1Toi Work

7 33 CCC Cockpit Configuration Control * Coa1p
"9 32 FATOOI. Functio •nalyAiasis Tool Design Traceability Manager Work

1( 163 CSAT Crew System Analysis Tools Design Traceability Manager Work

II 7 MSA Mission Scenario Analysi!; Comp
12 116 MPE Mission Procedure Evaluation C1mp

13 51 MTA Mission Timeline Analysis Coamp

14 106 MITP Mission Task-tim- Probability Comp

15 101 PLTGGP MTA & MlP workload plot prog.u... . Work
16 7 1D1-30000 Specialized graphics library UNIX equivalent Comp

17 113 PLOT3D3 2D & 3D graphics plot program • Comp
IN 23 SUM MET Trade-off Study Tool • Plan
1 ' 153 C-TI..APRIEp Tinmeline Analysis Preparation • Design Traceability Manager Plan

2(1 154 MSA-CTET Convert Mission Scenario File * Work
21 155 C-TI- lask Execution Time • Work

"22 156 CTET-CTLA Convert Mission Scenario F'ile * Work

23 158 C-TLA Timeline Analysis * Comp

24 159 C-TLAT Timelinc Analysts Tratnslator • Comp
25 160 C-TLAP Tinieline Plot •Work

26 161 C-W-H3D Workload 3D Histogram Generator ° Werk

27 30 DLA Display Legibility Analysis Comp
28 21 OAR Operator Assessmcnot o Reach Cmptr Bio-Mech Man-model Comp

29 117 MCOS Monte Carlo Operator Sample Generator * Work

30 27 E-VISION External Vision Model Cmptr Bio-Mech Man-model Comp
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Table 5.2.1-2. Non-Critical CSCIs Affected by VMS-to-UNIX Conversion

T, S( CI Port Replacee Stalku
t T1 NTSMT WordI Processor Word for Mwnla:nosl Colunp

12 PASCA17 PASýCAL. deelopment systeli * ('omp
2 2 C--SA;INT MA]Syslems Analysis ol Tasks Seuiu Wkid ml W- - Com

29 W/INDEX Workload Index SC(*j.iii~lt'\*Wklill tlSWV CTiipj
29 SWAT1 Sulblecti ye Workloud Asessotent Technique PC *i etT;7'l Hall

_TrT-TI' Procedure ttxeculion Time io
.9- A I ) Au to Inatm FdI x permn oie o De sign 0 ('ottip
4Tr__7=?Rx~ Display Nlodefing und AlgorithmicMil Cooo - -- Ti7p

:sT i~r3~ T~L IIlt I 'y spIL'iuldhe p ICC I l)IO 11 CoII * ( 0111
43 1P IT07cical Pu Ib sI iqisoriotware ('olopl

1) H ANIT-77 7tlcense Mapping Agency datFa -processor CD) versionl (ttillp
(M CVSI),SDBs(e yse ~s & SpecIat-Mt Base 11141ii1
62 ACPCMB Aircraft tSyislo anid Crew P~erformi M)3*- li
&F=STPTYT-Research Data ICre W s V st Pe 111 r II lit 11ce I
75 1PWI-)1 13 Test_1110t~m il ol[I Perf, MIlTkId, & ri11 *I llt

77 I1. Leson LeC5)15IarneIId Duila Balse - -*P11

70 KI~qiDI Abstracis I Milay Sids Dat Buse-Pin

72 TE l Tl)I eetlmoloey Assessoet n a~lhL -JIL

10 SP-SitPiprwio 7)111 e to Piogram~l I SequLiturL Wk IdL AidISW Cli
*lM.T7= ' Ck T culstomizeIld T14c Braiwtle Pl~an

It10 R VRA RtuoWLIY Visual Range Analysis *I'u

112 FAR F'unction Analysis Report 6 Work
I CFR C-SAl NT Giraphical post p~rocesso~r Sequitur Wkld Ail SW ( oltip

12 ('sThtim C-SA [NT SUMmary posl processor Sequitur Wk-Id Anl SW ( oltip
126 AASPFAI-CAT interface AASPr-M & MDTOOIL 0 Phitil
127 TWhAI N Tue Briawler Maiiin Programi 6 P'lan
128 SIIMAIN 1 uc Brawler Summttary programl 6 Halli
12l) IIACE IteTa ttI Brwlr Inoterf ace prograin . Plain
1 32 REFO' R MAT Ret ormat program, sup~ports PRSCR (oitp
133 HXIJISPDE1-S Bug f ix fill VMS Print Software -C (omp
13h DrECCMS DEC Code Management System 'onip
139 I)ECMMS DE.C Module Managemtent Tysteml - (olip

14 S-anguage CfSenitive 1, I t(Ir 
* 1 0011

1,45 TE':\MFAIN Terrain Encounter Analysis MAIN prng Ha1lln

146 TEAPI OT Terrain Ein-conter Analysis PL OT P 1lan
157 C-TLA-POST CAT euitomized Tiinet~ite Analysis - (omlp
180 IFAC M9U-AASPEM AASPEMCAT to MDT]O H0a ll
181 IFACE90 C-TAC to MDTOOL Interface Palan
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(3) 29 - SWAT. A suggestion was made by the CDT to replace the VMS/VAX
SWAT with a PC version of SWAT. Status: Awaiting the final assessment of SWAT at the end of
thc Test and Evaluation of Field Demonstration No. 1.

(4) 60 through 72 - Data Bases. Originally delivered data base structures in the
INGRES format, These data bases were delivered empty. Since data bases are needed to support
the new CSDP, these original data bases will be converted to Informix if they meet the re-
quirements. If they do not meet the requirements, new data base structures will be created in
Informix. Status: Awaiting feedback from the industry review to determine the necessary data
bases and structure.

(5) 108 - CAT-customized Tac Brawler - (C-TAC). The use of this CSCI is not re-
quired for trial application or field demonstration. An assessment is required to determine the ne-
cessity of porting this CSCI. Status: Awaiting an assessment at the end of Field Demonstration
No. 1.

(6) 126 - Advanced Air-to-Air System Performance Evaluation Model - (AASPEM).
The use of this CSCI is not required for trial application or field demonstration. An assessment is
required to determine the necessity or porting this CSCI. Status: Awaiting an assessment at the
end of Field Demonstration No. 1.

(7) 127 - Tac Brawler Main (TBMAIN). The use of this CSCI is not required for
trial application or field demonstration. An assessment is required to determine the necessity of
porting this CSCI. Status: Awaiting an assessment at the end of Field Demonstration No. 1.

(8) 128 - Tac Brawler Summary (SUMAIN). The use of this CSCI is not required
for trial application o1. field demonstration. An assessment is required to determine the necessity of
porting this CSCI. Status: Awaiting an assessment at the end of Field Demonstration No. 1.

(9) 129 - Tac Brawler Interface (IFACE). The use of this CSCI is not required for
trial application or field demonstration. An assessment is required to determine the necessity of
porting this CSCI. Status: Awaiting an assessment at the end of Field Demonstration No. 1.

(10) 143 - Terrain Encounter Analysis Main (TEAMAIN). The use of this CSCI is
not required for trial application or field demonstration. An assessment is required to determine the
nccessity of porting this CSCI, Status: Awaiting an assessment at the end of Field Demonstration
No. 1.

(11) 146 - Terrain Encounter Analysis Plot (TEAPLOT). The use of this CSCI is not
requtircd for trial application or field demonstration. An assessment is required to determine the ne-
cessity of porting this CSCI. Status: Awaiting an assessment at the end of Field Demonstration
No. 1.

(12) 153 -Timeline Analysis (TLAPREP). This CSCI is a script file that allows the
six task level workload analysis programs to be run from the original RUN-TOOLS main menu.
The DTM will replace this main menu by launching the CDS tools through the tool pull-down
menu. Status: This replacement/upgrade will be implemented after Field Demonstration No. 1.

(13) 180 - AASPEM interface AASPEM-CAT to MDTOOL (IFACE90). The use of
this CSCI is not required for trial application or field demonstration. An assessment is required to
determine the necessity of porting this CSCI. Status: Awaiting an assessment at the end of Field
Demonstration No. 1.
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(14) 181 - C-TAC interface C-TAC to MDTOOL (IFACE90). The use of this CSCI
is not required for trial application or field demonstration. An assessment is required to determine
the necessity of porting this CSCI. Status: Awaiting an assessment at the end of Field
Demonstration No. 1.

b. Progress. To maintain the current functionality of the software components, command
files were converted to UNIX scripts. A C-shell environment was used for this task because it
added the flexibility of aliases and an expanded command set.

The lexicals in the VMS-based command procedures were replaced by UNIX commands,
or hand-coded, to provide the same function. Many of the command files had set-up symbols and
logicals. Some of these symbols and logicals were converted under UNIX by setting environment
variables. The most difficult part of this effort was to trace each of these symbols and logicals to
the source to determine where they needed to be generated and exported in the UNIX scripts.

The majority of the original CSCIs were written in FORTRAN and supported by command
files. Most FORTRAN code, which makes calls to system services and libraries, was modified to
eliminate these calls. The SGI F77 compiler was used with a switch to accept certain commands,
such as SMG$ and LIB$, to simplify the porting process. User-defined logicals created in the
command files, such as file names in the FORTRAN code, were duplicated using the environment
variable or soft link capability of the UNIX environment. The FORTRAN code, which comprised
the majority of the tools, was very poorly structured. However, during this conversion, code rc-
structuring was held to a minimum because it did not affect the functionality of the program.

The order of the bytes in memory and on disk for the UNIX host is completely reversed
from the VAX host. In the VAX, the least significant byte of the value is stored at the lowest ad-
dress memory of the item. In the UNIX, the most significant byte of the value is stored at the
lowest address memory of the item. This makes direct transfer of binary files impossible. Also,
floating point values are stored differently on the VAX and UNIX machines. By using records,
representation clauses and some bit-level operations, the conversion between floating-point types
was accomplished.

The packing of data is different on the two systems. The VAX uses a Complex Instruction
Set Computer (CISC) architccture and the SGI machines use a Reduced Instruction Set Computer
(RISC) architecture. '"o attain the performance in a RISC processor, the architecture usually re-
quires data items to be aligned on specific address boundaries, for example, a 16-bit value at an
address divisible by 2, a 32-bit value at an address divisible by 4, and a 64-bit value at an address
divisible by 8. The CISC architecture usually does not have this restriction.

The major challenge in converting VMS to UNIX was that the libraries used for file 1/O on
VMS are FORTRAN-based, whereas on UNIX they are C-based. Also, on UNIX, FORTRAN is
preprocessed to the C-programming language. This caused a delay in the implementation when
certain assumptions were made, specifically if uninitialized variables were assumed to be zero and
local variables were assumed to be static. The successful approach was to ensure that certain vari-
ables were initialized to zero by using common blocks or the SAVE statement for local variables
that needed to retain their values. Further limitations in the supported types of file I/O on UNIX
required changes to the OPEN and FORMAT statements in order to handle 110 properly.

After porting from VMS to UNIX, the tools were tested and verified to make certain that
they performed identically under VMS. To accomplish this, an identical input file on both systems
was used for each tool ported. Porting was successful if the files generated by the tool were the
same on both the UNIX and the VMS. To test the operation of the tool, the output from the SGI
platform was used as input to the next tool in succession. Thr files generated by the tools under
UNIX were compared with those generated by the tools under VMS to verify proper operation. If
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the tools tested did not generate valid output for a report under VMS, the problem was investigated
under VMS and when the output was correct, testing was continued under UNIX.

5.3 Tool Development

During the reportinig period, the analysis, review, and development of the computer-aided
tools that make up the CDS continued. Equipment upgrades were made to improve computing ca-
pability, numerous changes were made to bring performance in-line with current industry standa'ds,
and evaluations were performed to establish new requirements. Eleven software tools were
examined, as noted in the following subsections.

5.3.1 Engineering Design Simulator

a. Background. The EDSIM includes a number of major elements that support the con-
cept of a rapidly reconfigurable breadboard cockpit simulator. The major elements of the EDSIM
are the cockpit simulator base; support structure; seat system; cockpit controls and displays; front
panels; interface electronics and a removable canopy; a McFadden Hydraulic Control System; a
manager station with audio; a communication system with a video monitor and recording system; a
test manager's console workstation that supports aircraft and airspace software simulation pro-
grains; a double-wide equipment rack that houses a programmable analog and digital input/output
signal system (located next to the simulator); a power video and signal distribution chassis (located
next to the simulator); nine dis;play processors; and two types of Local Area Networks (LANs).

This. section discusses the tools developed for the EDSIM during the current reporting pe
riod. Theee tools were required so that the EI)SIM could be used for rapidly prototyping cockpit
designs. Through the use of a scalable hardware and software architecture, the tools enhance the
speed and efficiency with which the simulator can be reconfigured. The EDSIM was originally
delivered ill two distinct hard-coded cockpit ,:onfigurations. When a hard-coded cockpit design is
modified, the entire body of the software must be examined and each item that contains aircraft-
specific data and functions must be replicated and modified for any change io the design. This
timc-intent.ive effort often results in the creation of new errors. The scalable architecture, imple-
mented during this reporting period, allows designers to analyze new cockpit designs quickly and
easily, retrofit existing cockpits, and add workstations and new simulation technologies without
reprogramming. This section discusses the two most important considerations in building a scal-
able architcture: (I) a rapid prototyping design, and (2) replicated shared memory (also known as
reflective nmemory).

b. Progress. The progress made on the EDSIM rapid prototyping design software and
the replicated shared memory are discussed in Par'agraphs 5.3.1.1 and 5.3.1.2, respectively.

5.3.1.1 Rapid Prototyping Design

The software architecture to enable rapid prototyping of cockpit controls and displays was
implemented to provide a layered approach to cockpit development. There are three layers in the
architecture: (1) the Simulation System Software, (2) the Simulation Application Software, and (3)
the Cockpit Application Software. Figure 5.3.1.1-1 shows the three software layers that provide a
simplified standard interface for integrating applications for flight simulation.
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Figure 5.3.1.1-1. Three Software layers

The simulation software discussed in this section is ..,tored on one partition called bsim.
_Every SGI has a bsim account that logs into the bsim partition. The workstation on which a simu-
lation program executes is determined by the configuratior. file sent to the manager program. This
configuration file specifies the host name to execute on, account to login to, program to execute
(including path), any command line options, and finally a host name that designates where to send
an output.

a. Simulation Systeri Software, The simulation system software is the lowest layer in
the software architecture. Programs at this layer control the overall simulation environment that
manages software ohbjctm, controls sinuladon start and stop functions, and routes messages to the
upper layer applicatins by way of message queues. The characteristics are:

(I) A simplified user" interfacc to the simulation. At the lowest layer, each program
calls routines to identify itself to the simulation, to identify the data objects to use or generate, and to
check the state of the simulation. This program references data objects as existing in shared
memory that can be in either true shared memory or replicated shared memory.

(2) Automatic routing of data between programs based on replicated shared memory
technology and TCP/IP. This characteristic allows programs to be moved from one computer to
another without reprogramrming. It also provides performance improvements without recoding by
adding larger or additional computers to the simulator, or by upgrading a computer to use replicated
shared memory.

(3) Global SynchronizJ1 ion. This characteristic provides a more accurate clock for the
tagging of data for the flight data recorder and allows the correlation of simulation data with
externally collected data, such as a human physiological parameter collection syster'.

(4) Standard command line par.3imeters to the applications. These parameters specify
frame rate, source of simulation, and debugging options; generate standard statistics; and designate
whrch cockpit the program is supporting.
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(5) Standard output and standard error text. This text is automatically routed over the
network to one workstation to provide a centralized display of simulation state information.

(6) A centralized mechanism for starting all simulation components from one work-
station. The host, account, program name and parameters are specified in a configuration file so
that a change to the configuration file will run a simulation component on another computer.

(7) A centralized control of the simulation state. This characteristic controls the
simulation state from one workstation while, at the same time, allowing a distributed simulation.

Programs that reside in the Simulation System Software layer are the Manager (Mngr), Poll
(Poll), Control (Ctrl), Executive (Exec), and Simulation Application (Simapp). Each of these pro-
gram names is preceded by bsim for this design, e.g., bsimmngr.

Mngr is the visual user interface for the simulation. The major functions of Mngr are to
initialize, start, stop, pause, resume, and terminate simulations. Mngr uses a TCP/IP socket interface
to send simulation state control messages to Ctrl and to receive current simulation state messages
from Ctrl. Mngr reflects the characteristics described in items 5, 6, and 7 above.

Poll is a forked process that is begun by Mngr. The basic functions are to read and parse
the configuration file, remotely execute the programs specified in the file, poll the standard output
and standard program errors through the provided socket, and direct the collected output to Mngr's
standard output. Standard output is linked to a console window on one workstation. Poll reflects
the characteristics described in items 5 and 6 above.

Ctrl employs a TCP/IP connection to receive simulation state control messages from Mngr
and to pass simulation state messages to Mngr. A similar TCP/IP connection links each Exec in the
simulatiou and receives data object request messages and passes simulation state control messages
and data object location messages to and from Exec. Ctrl manages the location of every data object
defined in the simulation and allocates such objects to replicated shared memory, or commands
Exec to provide a TCP/IP connection for the moving of the object's data from one computer to
another. Ctrl reflects the characteristics described in item 2 above.

Exec is a program that runs on each of the simulation host computers. It has a TCP/IP
connection to Gtrl to receive simulation state control messages, pass data object request messages
from the applications, and receive and process object data location messages to pass back to the
applications. Exec interfaces with each application on the same computer by way of a message
qucue. It passes messages to and from the applications and, in most cases, provides information on
the status of the message it receives from Ctrl. Exec manages the locally instantiated data objects
for the applications and informs the applications where shared memory is located so that the
applications may bind to the appropriate memory segment. It also generates simulation sync to
applications that request it, receives simulation sync by way of replicated shared memory, and sets
up TCP/IP processes to move simulation data from one computer to another if replicated shared
memory is not available on either computer that has, or needs, the data. Exec reflects the character-
istics described in items 1, 2, and 3 above.

The Simapp library is linked to each simulation application. The library connects the appli-
cation to the simulation and assists in the location and generation of data objects. It delivers simu-
lation state control messages to the user-written portion of the application, delivers an indication of
simulation sync to the application, and moves simulation data in and out of the application. It also
parses standard command line parameters for frame rate, configuration, debugging and statistics
information, and identifies the source of simulation sync. The library provides a message queue
that passes dataz object request messages to Exec, receives simulation state control messages, and
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receives data object locate messages. The library reflects the characteristics described in items 1, 2,
3, and 4 above.

b. Simulation Application Software. The Simulation Application Software is the
second layer in the software architecture. These applications are for configurable components that
provide the same basic functions regardless of the aircraft/cockpit being simulated (e.g., the throttle,
stick, and attitude indicator). The second layer components control the interface to the device and
standard computing models. The characteristics are:

(1) Configuration File. The simulation components are selectable through a user-
specified configuration file. The simulation configuration file is unique for each second-layer ap-
plication. This allows prototyping by changing a file instead of changing the source code.

(2) Hierarchical Constraints. The simulation components make use of the lowest
layer in the software architecture, and therefore are largely free from system dependencies. The
only exceptions are the simulation components that control hardware. These components must re-
side on the computer that is interfaced to the hardware device.

(3) Small Well-Defined Components. A large number of small, well defined compo-
nents allows the simulation to take advantage of the symmetrical multiprocessing capabilities of the
SGI processors. While additional processors do not improve the execution speed of large mono-
lithic programs, they significantly accelerate the execution spec. of a larger number of smaller
programs.

The secmnd-layer components are as follows:

(1) Out-the-window software. This component is common to all simulations. It was
isolated as a second-layer application, both for modularity and for ease of replacement in the future.

(2) Digital and analog I/O to the cockpit. This component interfaces with the device
driver. It distributes and collects analog and digital 1/0 to and from shared memory.

(3) Configuration File. The configuration file specifies how to distribute and collect
the analog and digital 1/0 data to and from shared memory, and how to scale the data before it is
deposited.

c. Cockpit Application Software. The Cockpit Application Software is the third layer
in the software architecture. The applications are cockpit-specific; that is, they provide the functions
for aircraft and cockpit design that cannot be supported generically by the configurable components
of the second layer. Control and display logic is also an example of third-layer components. The
characteristics are: (1) Configuration File, (2) Hierarchical Constraints, and (3) Small, Well-defined
Components.

These characteristics function the same as similar ones in the Simulation Application
Software described above, except that the components make use of data already available in the
second layer instead of the lowest layer.

5.3.1.2 Replicated Shared Memory

The replicated shared memory network configuration was installed in the CDS. A two-node
SCRAMNet demonstration system was initially installed and a series of tests were run before the
decision was made to purchase the SCRAMNet. SCRAMNet has been in production and on the
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market for thrce years, and complete interface software and source code was provided with the
system.

The system was easily integrated into the EDSIM architecture and successfully provides the
distributed memory and communication function as expected. Previously, this communication
overhead had to be handled by the vlsglO processor. This no-overhead system increased the
CATBATS execution time by twelve percent and decreased dropped frames by ten percent when
compaured to the execution performance documented in the Assessment Report (Reference 20).

Two other shared memory systems were examined: SmartNet and VMIC. Neither system
was considered acceptable for installation in the CDS. The VMIC shared memory system has been
on the market for less than a year and has not been proven in use. The SmartNet system is in de-
veloprment and is not available for purchase. Neither VMIC nor SmartNet have a software interface
that would be compatible with the SGI system. If either system were used in the CDS, the software
interface would have to be coded in-house or contracted to the system developer. Detailed
information on all three systems was provided to the government and discussed in technical
interchange meetings.

Tests have demonstrated the performance benefits of distributing large software programs
across several machines to improve real-time performance. Installation of the SCRAMNet and
testing required 40 labor hours.

5.3.2 Design Traceability Manager

a. Background. The original DEN did not perform any of its intended functions because
it was never developed. As a result, off-the-shelf products were surveyed to determine if they could
satisfy the necessary requirements as documented in the DEN documentation (Reference 21). A
product called the DMCS was given consideration as a replacement for DEN, but it was discovered
that although DMCS could be used to support the configuration management of design drawings, it
could not fulfill all of the original requirements of the DEN (e.g., it could not differentiate between
users and projects, keep track of multiple users working multiple projects with multiple tools, etc.).
Since no satisfactory off-the-shelf products were discovered, a new CSCI was defined and named
the DTM. The rationale and rcquircments for the DTM are detailed in the DTM Design Document
(Reference 17).

The D'I'M was designed to assist the CDT in applying the CSDP during implementation of
crew system design projects, and in tracing the progress and rationale behind the design decision.
The need for the DTM was clc.irly demonstrated during the cockpit design activities performed in
Delivery Order 10 of the previous CCCD Program (Reference 14). The list below contains the re-
quirements that were partially completed during this reporting period. The DTM currently:

(1) Is the primary means to access integrated CDS capabilities.

(2) Is mouse-driven and functionally intuitive.

(3) Guides the CDT in the use of the CSDP by displaying it in the workspace.

(4) Supports documentation of daily activities through the electronic logbook feature,

'5) Provides a means to store design requirements throughout the CSDP by imple-
inenting six of the Design Requirements Document (DRD) (Reference 22) features.

(6) Differentiates between users and projects.
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(7) Keeps track of multiple users working multiple projects with multiple tools.

(8) Provides project management support for tilc ciew systemi dcsign project.

(9) Provides a mecans to easily upgradc the CSDP.

b. Progress. Paragraphs 5.3.2.1 through 5.3.2.8 detail the design modificutions to thle
DIN and thle current implementation status of the DTM, One of thc achievements in the lYIM
developmecnt was the establishment of the va~rious types of traceability-, these types inclUde prIoject
and context traceability, intermeodiate and final product traccability, design and decision ratoioale
traceability, and user history trace.ibility.

5.3.2.1 Initial Design Traceability Manager User Interface

The i' dtial DT~vl layout involved writing an X-Windovws applicatlonl iI tiil e C-pro graiIw 101
language incorporating thle standard Open System F'oundation ( )S 1 )/NMot il and X-Tiooll' it
Intrinsics libraries. This method of creating X-Windows applications is complex and timec- coni
suming. To make simple visual changes in the X-Windows application, evr:iC'':lI lines of codeC haVe
to be modified. Once thle code is changed, thle program has to be compiled, linked, and executed to
test whether or not thle changes are correct. The difficulties encounteied with this approach, corn
plete with the deficiencies in Win~gZ (Paragraph 5.3.2.2), led to theL 111CiI-11-i f he altetiVCe
user interface approach described in Paragraph 5.3.2.3.

5.3.2.2 Wlngz

Wingz is a commercial software prodLIct from11 Inform-1ix tha.t is :In 'ea-sy-to use, high
performance graphical spreaidsheet that includes I lypcrscript." Willg/. 'Z %Vt cIlaUScd to eStaiblish a
programming environment in which graphical uIser interfaces Could bCe dL Velol ed anld ill[CgratL'(
with the Informix DBMS using thle ilyper-script language and thle D~ata k ink util ities within WingZ..
H owever, each tithe a W iigz-jproduced tutorial progr~aml attemplted to connect 10 theL Infhormix
DBMS, the Wingz I lyperscript routines inadvertently disconnected the Inflormiix DBMS server
engine program, and Caused it to stop running, The server engine program mu11St 1111 constantly to
service requests from the DBMS user applications. After several weeks ()I trial and err-or, thie
Wingz technical support group claimed that the SGI version of the operating system was at fault.
After receiving this information, thle decision was mnade to review other software packages that
would speed up development time and would not require special operafting system upgrades or
patches.

5.3-2.3 UIMIX and Info~rmix 4GL Initial Integration

Thle need to accelerate development tune for X-Windows applications created tile neced to
review thle various GUI builders available on the market. Before the decision was made to use tile
GUI-builder UIM/X software product, Bluestone Consulting technical support helped to verify that
UIM/X could generate X-Windows applications that could be integrated with the Informnix DBMS
and Would not create unexpected results. With this information, the UI M/X prodL ct Wa Spur ChaSe
(Change Proposal 5).

Inhitially, anl example problem was accomplished that created an X-Windows application ini-
volvin~g a Logbook I'litry F'orm with UIM/X. The next step involved establishing a test Logbook



Data Base with Informix utilities. The 4GL code was written to accept parameters from the stack to
insert a row into the LIogbook Data Base. Functions were also written in the C-language and 4GL
that used the UIM/X library to insert data into the data base. Once the ability to pass information
into the data base was working, the ability to retrieve and display information from the data base
was tested and established. The UIM/X product generates code that does not interfere with the
Informix DBMS server engine program. UIM/X also reduces the time needed to develop the
graphical look arid appeal of X-Windows applications.

5.3.2.4 Software Installation

After selection of the Informix relational DBMS products (Section 3.2.7), the Informix
Standard Engine (SE) data base server software was installed on the vlsgl6; however, it was later
upgraded to Informix OnLine data base server. The advantages that Informix OnLine has over the
Informix SE are: (1) high performance; (2) high availability; (3) data consistency with the use of
fault-tolerant mechanismls; (4) distributed data base access; (5) large-scale support of data bases
with the use of shared memory caching and communication; and (6) multi-media data management
capabilities. When the Informix SE was installed, the Informix ESQL for the C-Programming
I anguagc, the Informix 4GL and the Informix SQL software products were installed on the vlsgl6
machine to allow design awd development of the DTM and other applications such as the TMT and
thc (JIl'.

Since the Informix OnLine data base server is only installed on one machine, any user
Irving to run an Informix application that queries the data base server must initially log into vlsgl6
inachine. An Informix connectivity software product, Informix-STAR (a product of Informix that
connects several data bases across a network), used in conjunction with the Informix OnLine data
hiLSC ser\Cr, cstablishes distributed data base support. Distributed data base support allows
nanmipUlatiomi of niultiple data bases at different network locations as if they were one common data

base. "l'lcereforc, Informix-STAR is needed to separate the Informix users and the data base server
sotltwarC on different machines. With the Informix-STAR software product, any user of the
Informnix tools and corresponding applications can access the INFORMIX OL data base server
without having to remotely log into the vlsgl6 machine. Informix-STAR is scheduled to be
pIurchased inext year.

5.3.2.5 Methodology Data Ba:,e D)esign

F:or DTM to fulfill the rcquircment of guiding a CDT in the use of the CSDP, a data base to
storc the process was deemed necessary (Methodology Data Base). After reviewing the CSDE to
kbtain it data base structurc, and verifying that the CSDP would conform to the same structure as
the ('SI-', it was determined that only one data base would have to be created to store the informa-
tion for thc]1`3,0e 1 and the CO'DE.

This data base structure contains three main relational tables that are entitled activities, pro-
ccdLIrs, and technicals. The activities table contains the process activities; the procedures table
contains the step-by-step procedures to be followed for each activity; the technicals table contains
the technical contents of' the product assigned to each CSDE activity. The information in these
tabhles indicate specific CSDE fields, such as the Major Systems Acquisition Process (MSAP)
phases (e.g., Concept Definition, Demonstration/Validation, Full-Scale Development, and
Production and Deployment) and specific CSDP categories, such as Program Planning, Up-Front
Analysis. Analysis, Design, and Evaluation.
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5.3.2.6 Methodology Data Base X-Windows Applications

Section 5.3.2.5 explains how the DTM can guide the user through the CSDP. An associ-
ated requirement of the DTM is to provide a means to easily upgrade the CSDP. Once the design
of the Methodology Data Base was established, the data base structure was initialized with Informix
utilities. Next, the X-Windows applications were created to allow, easy information entry into the
data base.

Three main X-Windows applications were created to provide DTM with the ability to
initially store and easily upgrade the CSDE and the CSDP. To enter the CSDE or the CSDP activi-
ties into the activities table, the Activity Form was created; to enter procedures into the procedures
table, the Procedure Form was created; and to enter CSDE specific technical contents information
into the technicals table, the Technical Form was created. In the future, these applications will be
launched from within the DTM system administrator pull-down menu.

The Activity Form (Figure 5.3.2.6-1) is the most complex of the three X-Window applica-
tions. This application allows the DTM system administrator to add, update, or browse through the
activities in the CSDE or the CSDP. In the screen capture of the Activity Form, this process is
known as the CSDP. While using this Activity Form, the DTM system administrator specifics
whether the CSDE or the CSDP is to be used by selecting the correct toggle button on the Activity
Form. The following information is entered when adding or updating any activity in the
Methodology Data Base: CSDE acquisition phase; the CSDP category; the identifier; the parent;
the title; the summary; the CSDE management considerations; and the product fields. A 4GL re-
port can be launched from this application by printing the current activities found in the
Methodology Data Base activities table. New data from a separate word processor file that is run-
ning on the same SGI workstation can be cut and pasted into the Activity Form application to
facilitate data enuy.

The Procedure Form and the Technical Form (Figures 5.3.2.6-2 and 5.3.2.6-3) are similar
in appearance and functionality to the Activity Form. The main difference is that the user must
specify the activity to which the procedure or technical content is related, thereby establishing a re-
lationship between the three Methodology Data Base tables, These applications are not as complex
as the Activity Form application because less information is needed, due to the fact that the main in-
formation regarding each activity is already stored in the activities table.

5.3.2.7 Methodology Data Base Input

The CSDE Demonstration and Validation (Dem/Val) MSAP Phase was transferred from
Macintosh disks to the SGI so that the Jot word processor could read the data. The information
was cut and pasted from the Jot word processor into corresponding fields in the Activity Form,
Procedure Form, and the Technical Form X-Windows applications and added to the Methodology
Data Base. The CSDP was also transferred to the SGI and entered into these applications to update
the Methodology Data Base in the same method.

The Methodology Data Base provides DTM with the capability to query and to display the
CSDE or the CSDP information when the user is referencing the CSDE, or navigating through the
CSDP w,,hin the DTM workspace. Having both of these processes, the CSDE and the CSDP,
stored with the same data base structure allows the DTM to reference and update both processes in
the same manner, using the same code. Since both the CSDE and the CSDP are stored within the
same data base, and manipulated in the same manner, only one set of applications is .eded to
maintain and upgrade both processes. Additionally, the system administrator only learns the op-
eration of one set of applications to be able to upgrade, review, or report information on both the
CSDE and the CSDP.
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Figure 5.3.2.6-1. Activity Form
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Figure 5.3.2.6-2. Procedure Form
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5.3.2.8 Revision of Design Traceability Manager Layout and Design

a. Additional Graphic Introductory Screens. An introductory graphical menu is now
implemented in the DTM. This graphical menu provides options to view two information pages or
to execute the DTM. One of the information pages provides an introduction to the purpose of the
CDS; the other information page describes the DTM system requirements. The ability to launch
DTM from the graphical introduction menu of DTM was implemented with Iris Showcase. The
CDS objectives page and the format of the CDS system requirements page were also developed
with the Showcase software and are not X-Windows applications. These pages are Showcase data
files that need Showcase in order to be viewed in DTM. Iris Showcase was chosen for its ability to
rapidly support full-color, bit-mapped graphical presentations, such as those featured in the DTM
introduction.

Iris Showcase is a drawing tool for creating graphics with basic tct-processing capabilities.
Iris Showcase also has the ability to link other applications to theLe graphics. The difference
between UIM/X and Iris Showcase is that UIM/X produces actual X-Windows applications, to-
gether with the executable code that can be integrated with Informix ESQL/C code to manipulate
and query data base information. Also, UIM/X does not launch the applications tha: it generates.
In contrast, Itis Showcase only creates graphical file images that cannot be integrated with Informix
ESQL/C. The files that are created by Showcase are not stand-alone executable X-Windows
applications; rather, they must be launched by the Showcase applications. The files that are created
by Showcase do not provide the ability to accept data like the UIM/X generated applications do.

b. Main Menu Modification. The DTM user interface was enhanced by adding support
for three distinctive types of users: (1) the DTM analyst/designer/evaluator, (2) the DTM project
manager, and (3) the DTM system administrator. The DTM analyst/designer/evaluator has limited
access within DTM because there is no update capability within the project management support
utilities or any of 'he system administrative support functions . However, this type of user has the
ability to browse project management data, launch CSDP/CSDE tools and navigate through the
CSDP/CSDE, make Logbook entries, and complete product traceability forms. The DTM project
manager has the same access as the DTM analyst/designer/evaluator plus access to an additional set
of project management functions such as project creation, project team assignment, and task
assignment. The DTM system administrator has more privileges than the DTM project manager,
including the ability to modify or access the CSDE/CSDP and the users list; however, this access is
not used daily.

The DTM main menu has a different set of selectable menu items dependent on the current
type of user. Since the menu item accessibility of each user is identified, the DTM main menu was
modified to incorporate these added functions. The I)TM is currently implemented such that a
single user can only update one specified project at a time. Another implemented feature is that a
single user can have only one version of DTM running at any instance in time. The system admin-
istrator main menC1 selection items have been placed on-hold until the DTM project marager main
menu and the DTM analyst/designer/evaluator main menu selection items are completely functional.
Subsequently, the DTM project manager wain menu and tile DTM analyst/designer/evaluator main
menu will be implemented. Currently, the X Window applications that are activated from these
main menu selections are being implemented.

c. File Main Menu Selection. This is the most complex pull-down mr1enu from the DTM
main menu. Only the DTM project manager and the DTM system administrator will be able to use
the full capability of this menu when development is complcte. This mienu will allow the DT'M
project manager to initiate a project, duplicate a project, add '.JIM designers to the current project
team in each of the CSDP categories (i.e., Up-front Analvsit., Pro gram Planning. Analysis, Design,
and [valuation), and to assign and schedule activities to each I)TM analyst/designer/ Cvaluator. At
completion, the DTM analyst/designer/evaluator will have the ability to open an existing project and
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browse through the project schedule, the SOW, the DRD, the Project Plans, or the public directory
of the current project.

The File pull-down menu is approximately sixty percent complete, while the menu-se-
lectable items activate over forty separate X-Windows applications, the maximum number of appli-
cations iS unlimited. The current count does not include applications that will be activated when the
user wants to browse through the project plans because the project plan format still has to be de-
fined. Currently, sixteen of these applications are completely functional. The layout of an addi-
tional twenty-four applications was initiated, but these layouts are not yet completely linked to the
Informix DBMS and therefore do not manipulate data base information.

Three examples of applications launched from the DTM File pull-down menu of the DTM
main menu that are complete are depicted in Figures 5.3.2.8-1, 5.3.2.8-2, and 5.3.2.8-3. The first
figure illustrates the DTM application that is used to open a previously defined project and its
corresponding context, a mission configuration combination. The second figure shows the DTM
application that is used by project management to assign specific users to various categorized
teams. The third figure details the DTM application that can be used to assign specific up-front
analysis activities to each teamn member.

d. Activities Main Menu Selectioui. This pull-down menu allows the DTM ana-
lyst/designer/evaluator to view assignment on the currently opened project context. A project con-
text is a specific cockpit geometry and mission flight configuration within the project. Project
contexts are established when completing the DRD in the CSDP during an Up-Front Analysis
activity. If thc DTM analyst/designer/evaluator was assigned to more than one context on the pro-
ject, a single context from the specified contexts available on the project must be selected. Once the
activities list is displayed, an activity can be selected. If the user selects an activity from the selec-
tion box, the workspace of the DTM is updated. This method ~f updating the workspace makes it
easier for the usci to navigate through the CSDP or the CSDE to locate current project
assign ments.

The Activities pull-down menu is approximately seventy percent complete. Menu items
actually activate distinct categories of the activities assigned to a DTM analyst/designer/evaluator.
The ability to select from multiple contexts is not yet complete. However, when an activity is
selected, the workspace is updated in regard to the current activity, information, and status section.
The display of current procCdurcs for selected activities is working for the following two specific
activities in the CSDP: Perform Mission Profile Analysis and Complete the l)esign Requirements
I)oc LIII IC t.

e. Process Main Menu Selection. If the user is the DTM system administrator, the
Process 1pull down menu would allow the user to modify the data base tables with the Activity Form,
the II'ocC_.durc Form, and the Technical Form applications. The Process main menu option is only a
selectable item open to the DTM system administrator.

The Piocess ,, u1l-down menu is approximately eighty percent complete. Applications that
modify the Methodology Data Base are complcte for the CSDE and some of the CSDP. Menu se-
lectable items, howevcr, are only existent at the DTM analyst/designer/evaluator and project man-
ager levels. This pull-down menu is being modified to include the DTM system administrator
items thai activate the Activity Formi, the Procedure Form and the Technical Form applications that
tlmanipulate th le CSIXL, aind the CSI-dP data in the Methodology Data Base.

L. Report Main N•hnu Selection. This selection will incorporate the ability to create
reports based onl (he D1 N project in format ion stored in thle Informix DB13MS. Details
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about the report writer must be further defined. The need for this pull-down menu was identified;
however, the design requirements must be defined for the report writer program that is launched
firom this menu item. The report menu has not been implemented, but its design is underway.

g. CDS Tools Main Menu Selection. This pull-down menu allows the user to launch
the CDS tools from the DTM environment. The DTM system administrator can add, update, and
delete the CDS tools from this menu when the applications are complete. When a tool is launched
by the DTM, a set of background programs need to be launched to automate the tracking of file
system modifications made by the launched CDS tool.

The DTM provides file-level creation/modification traceability to provide a method of in-
crementally documenting changes made to individual files throughout the CSDP. One of the back-
ground programs used to automate this method, known as the file tracer, was completed during this
reporting period. The file tracer program was developed to scan one or more directories, identifying
new or changed files. The default operation of the file tracer is to identify new or changed files with
any user name. A list of user names can be given to the scanner to restrict the search. The file
tracer has an option to recursively scan all sub-directories. The file tracer program stores the time
each directory was last scanned to correctly identify new or modified files. Information about each
new or modified file is stored in a data base and includes the name of the host computer (to support
operation on multiple machines), file path, filename, file modification date and time, file user name,
and file size.

After the file tracer program executes, it will launch a dialog box, the file prompter, that will
ask the user to add the modified files to the public directory. Once these files are selected, copies
will be made in the project public directory by another program so that other DTM
analysts/designers/evaluators have access to these public files.

The CDS Tools pull-down menu is approximately fifty percent complete. The -ability to
launch several tools is complete; however, a spawner program needs to be developed to automate
this procedure such that the data to launch specific tools is no longer hard-coded. The file tracer
program is functionally complete and can track file modifications; the automation of this file tracer
program is not yet complete. Currently it is run by selecting the user interactive button called
hitermediate Product/File Traceability. The ability to obtain information from the output of this
program and to prompt the user to copy files to the public directory is working, but it is not auto-
inatically called by the file tracer. Also, the file management calls to copy the selected files and
products and to modify read/write/execute accessibility are not completely functional within DTM.

h. Reference Data Main Menu Selection. This pull-down menu allows the user to
browse through any reference material that is stored in DTM. If the DTM system administrator is
the current user, the ability to add, update, and delete this information is supported. Since the DTM
system operator user functions are on hold, the ability to add, update, and delete reference material
is not complete.

The Reference Data pull-down menu is ten percent complete. The ability to view the menu
selection items exists and the ability to select the CSDE as a reference also exists; however, the
workspace is only partially updated with information from the CSDE part of the Methodology Data
Base when the sclection of the CSDE occurs.

i. Help Main Menu Selection. This menu selection allows the user to view help in-
formation for DTN usage. If the DTM system administrator is the current user, he/she can add,
update, and delete this information. The DTM system operator capabilities have been placed on
hold; thus, thc ability to modify the help information is not complete. Details about a help utility for
DTM usage will be available once requirements are defined and the Help data base is populated.
The Help mcnu is not implcmcntcd but its design is currently underway.
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j. Current User Status Area. To provide a visual aid to the user, the current user status
area displays the current project name, context name, user name, current process (i.e., the CSDE or
the CSDP) being reviewed, and the CSDE-specific MSAP phase (e.g., Dem/Val) or the CSDP
category (e.g., Up-Front Analysis).

The update of the Current User Status Area is approximately seventy-five percent complete.
When the user runs the DTM, the user logon identifier is automatically updated. If the user has
selected a default project context during a previous session, that context is automatically opened
when the user runs the DTM. In this instance the status area is also updated with the project and
the corresponding context name. The CSDE MSAP phase and CSDP category fields will be up-
dated when the navigation of the CSDP or the CSDE in DTM workspace is implemented
completely.

k. User Interactive Buttons. The addition of the intermediate/final product traceability
and the User History Buttons allow additional interactive forms to be launched from the DTM.
However, tile traceability button may not be needed in the future when file product tracing is com-
pletely automated. The current status of the User Interactive Buttons is explained in the following
paragraphs.

The Logbook Entry Form (Logbook, Figure 5.3.2.8-4)) allows the user to maintain a daily
log of activities. The default mode is called New, and it allows the user to add another entry in the
data base tables. Users can also search for specific entries, recall them for view or edit as
authorized, and modify their own entries using Search. Also, reports can be generated using the
same query mechanism used in Search.

The Logbook is attached to its data base and all features except report generation are func-
tional. Search currently only works for the user name and activity fields. The Logbook is approx-
imately ninety percent complete. Extensive error checking must be added to this interface.

The Product Traceability Form allows the user to manage traceable file/products or deliver-
ables. This form was built in this reporting period, but complete functionality is not yet attached.
The data base structure is set up, but it is not linked to the form. When selected, the Product
Traceability Form opens in New mode, and is ready for an entry to be input into the form. Search
allows the view or edit of other data base entries as authorized by user name and user type. Report
generation and extensive error checking will also be supported in the future. The Product
Traceability Form (Figure 5.3.2.8-5) is approximately thirty peicent complete.

The Lessons Learned Form allows the user to document useful information for future ref-
erence or inclusion in the general lessons learned data base. This form (Figure 5.3.2.8-6) is based
on Air Force Form 1251. The Lessons Learned formn was buil', but complete functionality is not
yet attached and therefore it does not query or manipulate any data base information. The Lessons
Learned form is approximately thirty percent complete.

The User History Button will eventually display the content of the user's history table from
the traceability data base. Population of the user history table in the traceability data base is imple-
miented when the DTM user completes significant events within DTM such as creating a now pro-
Ject or assigning activities to project team members. The User History Button is approximately
forty percent complete. The application to .."splay current user historY information is not yet com-
plete although some events implemented in the DTM do update the user history table in the trace-
ability data base.

i. Navigation Buttons and Workspace. The DTM Main User Intcrface, Figure
5.3.2.8-7, shows the navigation buttons and the DTM workspace. The highest-level activity
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Logbook Entry Fornm

Project FI1R Context [MISN1 CFG1

Activity [3. Procedure P.-

Usercmrtn Date 02O22/1993

The gaming region specified for the day reconviaissance mission (Misnl) amd baseline configuration (Cfgl)
represents the Persian Gulf theater, according to the Design Problem Statement field of the DRD
(Document #63190-93U1P60099-001 ) and Operational Experts. The following laUtudjq and longitude were
requested on compact disc from the Crew Centered Cockpit Design (CCCD) Program Office (AUCFH),
Point-of-Contact is Mr. Nick Longinow: 29-31 N, 45-47 E,

I

SaeSearch ~ New Help EXI

Reset.. .readv to Add

Figure 5.3.2.8-4. Logbook Entry Form
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Product TraceabllhVy

Product Traceability Form

Project F16R Context MI[N1 CFG1

Activlty A3.4 Procedure P3.4-13

ULer irountre Modification Data 0410l 993

Product Creation Date 04MG61993 Baseline Date 04a26/1993

PTR Creation Data 041 993 Approval Dato 0atl 0/1993

Product Descripton

F-IGR Event Tlknone, filenme 'PG.fdr' (for Persin Gulf flight data recorder fiNe)

Product Location

Silicon GraPhic - vlsgl2
Directory Pathnn.m - Anaglck_dataibats user

ObjeCtives

The ol•jectve for creating the F1l6 Recce mission profile event timehlne (ETL) was to graphicalty depict the
combination of activities nrpresentlng the actual mission events aId tImin. Generating the mission profile
event thnliine Is tOW ftit step h, trWnslatUng mission requirements Into system (aircraft and crew member)requirements.

Uhe Mission Pernwnter section of the DRD was used as the driving input for the generation of the FI6R ETL.

Related Prqducts

Design RsqrmnentS Document (Document #63196-93UfP60M9S-001l
Mh13bn Srswnfo File
Simulaton Test Pan'

,N.. -

3aeSearch Hl Exit

Figure 5.3.2.8-5. Product Traceability Form
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Lessons Learned e
Lessons Leared Form

User Dcmtn Data 103115193

Topic

Mission Profile Analysis - Event Timllne

Lesson LeameW

Use of the defauit Event Definition Datlbase may not provide adequate events to build in Event Timeline. This
may result In a cryptic or niondescriptve Event 11rN~m.

Problem

The Event Definition Database requires editing to house the critical events for proper ETL represntation and
traceablilty.

Discussion

To date, the user may oiy select from a smal dataase of events. The aity to plck points other than
waypoints to calculate phases is necessay to accurately layout a mission typical of the aircraft type.

1-41
Recommende Actlon

A recominded ugrule to MDTOOL Is the ialty to pororm text editing drec ty into the MDTOOL ETL. This
would eliminate the requireent to update the event definition dateabse, leaving less Ile configuration

negnenut overhead.

knpact Areas

53 Socur Sty Phases

54 composites

56 Avi~onics - Demonstatlon & Validation

25 SoftwareSTrakwrmbTA~kmltors

/

Figure 5.3.2.8-6. Lessons Learned Form
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button allows the user to move to the root activity of the selected process, CSDE or CSDP. The
user is automatically placed in the CSDP unless the CSDE is selected under the Reference Data
menu. The upper- and lower-level navigation buttons allow the user to navigate easily through
either process that is selected.

The DTM workspace is divided into three areas: (1) activities, (2) information, and
(3) procedures. The activities area of the workspace displays the current activity and its associated
activities. When an activity is selected, its title is put into the cunent activity area and the informa-
tion area and the procedure area are updated with its information. The information area was added
directly to the workspace to show the information page specific to the currently selected activity.
The procedures are actually push-buttons with titles in the bottom section of the workspace. When
a procedure is selected, it becomes the current active procedure. If the procedure involves another
application or data entry, according to the CSDP, a user interface form would be launched Upon the
selection of a procedure button and the launching of its form.

The navigation buttons are approximately twenty percent complete. Once the workspace
updates are completely functional from the activities pull-down menu, the navigation buttors will be
functional in minimal time. Once the workspace is completely implemented, certain functions will
be established to retrieve and update the workspace. These C-routines and functions will then be
activated from various navigational buttons and will not need to be recreated.

m. Supporting Data Bases. The process, users, projects, status, log data, design
requirements documents, and traceability data bases were created to support DTM and currently
exist on the Informix DBMS data base server. These data bases will be updated as the imple-
mentation of the DTM continues.

5.3.3 Cockpit Automation Technology Battle Area Tactical Simulation

a. Background. Merit Technology Incorporated developed a unique configuration of
their commercially licensed software program called the Battle Area Tactical Simulation (BATS).
This unique configuration, now called CATBATS, includes a combination of custom-developed
software and Merit's commercially licensed BATS software. (CAT stands for Cockpit Automation
Technology, which was the original name of the CCCD -rogram.)

BATS is a simulation planning, execution, and analysis software package that comprises
many components. It is a tool that is intended to be used to study aircraft combat engagements in
simulated environments using digital terrain data (DTED and DFAD) from the DMA.

The host CATBATS program executes solely on an SGI Iris 4D multiprocessor worksta-
tion, such as the EDSIM Manager's Workstation (an Iris 4D/240 GTXB). CATBATS uses the
Etlernet TCP/IP protocol to communicate between the simulation and graphics software processes.
Mcirit Technology's MeritNET interprocess communication package allows all other CATBATS
processes to communicate within the multiprocessor Iris environment. Selected run-time graphics
programs execute on other Iris 4D single processor workstations. All of the necessary data files
reside on the host Iris.

b. Progress. Several timing tests of CATBATS scenarios were conducted. Previously.
CATBATS and the Simulation Control Logic Program (SIMCLP) ran ( -he same machine at just
below 20 tlz for a one or two aircraft sLcnario. With the new softwa;-. :iure, CATBATS is
executed by a small shell program on vlsgl0 and the input and outputs are transferred across
SCRAMNet to vIsgi7. This allows CATBATS to execute above 24 Hi for a ooc or two aircraft
scenario while the display server program executes asynchronously at about 24 111.
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At the begianing of the reporting period. CATBATS Version 5.31 wi~ii used, tiu! it would
not execute correctly under Version 4.0.4 of the SGVI/JNIX operating systemn. Merit Technolol:%
recomnpiled IN: code under the new operating system and a flew numbecr (Version 5.32) %% a, .;"
~i~qned. Melrit Technology also responded to CR 203 to limit the pro'ess number ihat could iV
ai'signed to the aircraft models being executed during a simulation run. The maximumi ah I,-
numbetr (of processes that can be run is four. each of which can %uppiort five aircraft itodek PIC
tiv,-r interf'ace was inodik1d to reflect this limit This new software was. .as.igned Ver%ion 5 v
the crnd of the repo~rting period. Version 5 33 wias still being Used

5..4 T'imeline Nianagement Ti(m)

a. Background. The I STl i imelinc Xlanýemenicn I~xi ol Icd it) elahoralt: 11
"equencc oft esent% to tile el~iciliiiarN task level in %upl tiof niission de, oti i1 vstit aL ji~t\ Ii~ I!,

'IIT Mieplaccd the NcehorL Slan~agmcnnt Too~l iNNIi tx-caus tile NN I 'titter' ?imiiw tii.,

Siniitat ions that grcat l\ imipai it% tusefujlness. a,. i dc'agn (tl of ti viainple. it, Lier'C a moiel ..
aitt iew memrber act ' tics lianslated liom iission rWquitilmflis. Owe () Y eLluitc% -uppol '!. n
ktl-k n iunction .ind [-unction*Proktcdure relition~hip datA fiks% foz3 tile J i;stori f ile I \vw
I, micline TI. The N NI fork es four hieacha4:1L A Icti e i 1s of J I~et, t'mo ! if k-It \ .
F unct ion (to Pr i~edute ito Iisk I Ilit 11SIeitrkhsii lI~ 111%,1- &X''llj5%( iii. 'i ''lfen I t ll% 1" ..6"t .

mzost intuitie :11ChvkjX ot Clabotiting linvwlinc *icmcnv- A nk.re nguiual ii~kvthj it ,- k:o aw it \'
(if deconix)iiiton of es eni t o ~4anthe task coinipoi~ii on It 1a'1 N1% t zr .aH C toi uselr~a
'our les els of elabioration to full\ &eseitv i giiien es en: to thie tak ie~ el I wrgc L-i..jkc wtsil x i&ai. i

11the NNM1 %iia li,% tO P~i omp x et&.us it -~ AA. onigiriAl\ s% riltti ant the I ost PIvos e''ni.: 1
pi ogiamming language and sL1equC4wntI% Itinslateid to Adi N data h jtc aiiled .111 .111 .4 114

V. .L defined it) siiiuliti: th d~ lulimJ Iob%14t ILLCIAM) Lid k OJi %A W t. KX.kZSliZafl of I I'sF I1A kt qyk,% hta:
lict foriias the emulition of tOw LISP' %itoage ininagciiwn i% hcas its % A~ \ Nt \1% Aqicpcr'L v
liccaus element% of the attc it #11t'ti v rr uscd thitmughout Ow \\I 1. jinsoma- it to nwv I \ l\ ,I'
ho%( 'st -sould has1 C lieen lot) difilt.ult

h. Progrem. I h4- I M I I )eign [)Xv.unbient iReicrinv \tw % ss.r caied 1, tiA~l~int 1 '0 1
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.11O 1t'ou t luig thle IAI I pro~gr aiu i IhC ;(zi 1' of I Ii \1 N I i :!r.. a ;,ca .t 'I
f14o1m a tile .and *alloss a 11%er 11, Inhet.i" 11rels etjt'trac it ito Ji1' t4. 1Cp4s' .fli.e .1I \k ''t.

IC'4list% a0 tmie10611C d.1ta i'aW It 14~tlch r main ltiur~Aoo uiv to ciii .&iCi it: -it irpl'ji Ilk,, !.ti !
.h'selolw~d .irlsa ofis .me 1: \I'ittioti ~'*ti natit' \iijkSti' IMI's \_ 1;fJ 'rniaior.' li,i
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,and deleting. The miove, copy. paste. amnd delete functions operate on the current object. and all of its
subl objects.

(a) l'hasc I aipphications were implemented using the InfOr-mix 4GL wid its text-
imued usecr interface Lach ot these programst that suppxr-t timeline decomnpositionl and editing was
k 411plkted The X -Window/Mout praphics user interface will he implemented in Phase 2. Each of
tile IAI I'tunctionm, \% trk inl 4CJIL %% ith inmbedded SQl. commands foT data base managementn. but the
iCIT01 Chet.kinig ha.. wit bveen completed. Eirtors as minitor its entering filenamtes that do not exist. or
Ciiitring text \k hien nu.11MLr input is expected cause the programn to tail. Error handling will not he

.1%ii0ip1li-shed until itie ,ctond phase oft implmcintrtation because it Is a function of th- user interface
'ft lsare .and ss ould Ne .i dupt icitionl ot i efort I'he input tile fot thle TNIT is an Event Tirnclinc in

0iC '\IIICFI Lan Stanldard (iI 10ic o Informatiion Interchange (ASOI) fiormal that is the output from
\I Pa1rotillc :\nl UNi atsxiie utang thle NiI)T(X)L..

1h I11w t uin~ionaht% tit the [IA' %% as implemented tin fis e separate application%.~
"K, I \il I .IN ( 'o.. kvit ( 'onl tinfulaton Lditor ('('1;). Ith [d*.L ent IA tit menlines ii E LT) the Eidit Event

1k~ ~~ 1itIi) I D1. Illd the Int10i 'at ion \nilsi% 'I twil iiA l( )( )l) input tilc editor Four of the
.1111 ILAt it W11% arc: ui ilt\ 1r ograms11 that gis c .1ddit ional tunctionalmit, t tile TNIT ihat was previously

;'tos t-,c~ \ \\I I I 1W (1,1 icads. cdits. and :s~e ix~kpit dcsciiption file% The liLT is used for
fiLn .' eiit 1iiiWlinc Ie.tic lill) editN es eni dtl inition files. anrd the IATOOI_ allows% the user to

:L tit a11 I I1( H) 131C

Nlahase I fle -ci. ond pshase tit the I NI I implementation will consiv of adding an
!IYii\ :I.A101 s Ioa ( it I toI 111C '11\ z'ogrAtil 46 tilmprising thle PI'S1 The first step to. conveit each

\%,-!'~stlI !V Il. !.I% outi t1W Jt: terent user interlace objects (labels, push buttons, mienus, scrolling
1][*1-i ck Mi s~ d edit hicdsI tin a1 tkvcnl ta1king thle fLHInttionalit\ and user requirements into
on sid~caiaion 11wc 4( . prt'gram% "sill then bc iinal%/cdlto determiiine\%what p~rt ionls oft tie source
,idc1111cne an ix: nIo\ Cd dilick tl% to '1w ness .\ Windows to implement the user interface objecti.
"JL 10k *' iek tIM And ".Andle Oirmt s %ill he added in parallel %vithi the new X-Winuows user

l'ti&ic [tPie third phase offthe IMT developmient involves verification that the
\i 'FI ~r h ~i - otsiial NM Niliclat ionships, itt- I aiierfaces to other CDS CSCls. TMT will be

O'' ' !dcI. 111.ild i t L.1 *ing *1)\S( 1114 and C ig anl input tile for the CDS MSA software

1.a 1 lihe I Nil \% ill read an ASCIIiInput ETL file or a Flight Data Recorder
II 1tilk, f'~'~'e I& b i 1)1]( )O[I Verification will be made through display of the FDR file in

\I I) ItH )() *'nd lit: twdisiat that sanic file through the TMT A,(,.kspace area. Events and time-

i. I lie INI I '.% ill produce an input file for the MSA program. Verification will
I% 111ih IL I, 4z1ipatina.! itie output fromt thle SGI-hased MSA program that used input data from the

\ 'ii .tic I \: ! tin tt'so separate executions of the NISA.

Gco(v~nwlir% Interface 1U(xl

a. Ilackground The GIT (Geometry Interface Tool) program is a re-design of the
!)iIk dch ickerd Cts kpat Instrument Panel Layout Program (CIPLP). The CIPLP tool was

J&I.f1111 %ka Irr~in ia~ ~nges, ssre imposed by the rehosting ot CIPLP from the VAX/VMS
itt; Me '9( 1 \ I N pltotiil As It result of the assessment, the decision was made to
.1* i It' d'§ýIl .1 it 'i lt: ( PI P the Lis1ti fiCat ion anld rationale for this decision were

in 'tic (I -1 1Dvain lhk unint (Reference 24).
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The GIT tool supports cockpit analysis and design activities during the development ot a
cot'kpit The GIT program will:

(1) Read Universal CAD files and display cockpit geometr, specifications flr toMiles.
oanels. and c ontrol*,/displays

Relate human factors performance data such as d%% ell time and reliability to each
ot11rol or display t ype

(3 Gienerate a geonintrN input file of control%/displavs with the huminan factors
1verformance data for input into crew wiem analysis software tools

1441 Update cockpit geoetiy, and human factors data bases

The 4.iT functional floyw- I, ,h,%, n in Figure 5 3.5-I

h. Progre.,. The GIT tol is being developed ustag FORTRAN 77. i'SQI./(', mid the
Infoliix DBIMS The (GT replace-, the internal screen editor in the ('IPI 1' piogram that is ued
oli nmanipulating and %aing cockpit geometry and human factor-. data iii the VAX director% I zic,,
Fleh Infornmix data ba:se are currently used to store this data. in addition to storing the dclo-cd
[SQI. routines that arm used to access and manipulate data in the Informix data bascs.

During the development of the GIT, the I-DEAS Version 6 0 CAD) tlool fromn SI)R( i

being used for 311) moecling of the cockpit. The geometry data from thle coc~kpit model is written t(1
.a univer.ial file produced by I-DI-AS. The GIT tool extracts the ncCC,,ar-. kpit geometr.', dat,,
h1oill this file.

The GIl" permits the uter to select an existing Informix data base to use or to create a ne,•
Infornix data base file. The user is prompted for a data base name and ulxm entry of this, name. thlie
function opens an existing data base or creates and opens a new user data base

The G1T main menu allows the user to select the other functions to the (ilT such as redht) .
and modifying the human factors data hase, or merging the human f'ictors data w% ith gemnetr. d.iia
The user is supplied with a menu selection and is prompted for an 1nputl, ,I'cr which the colic
sponding function is executed. The development of the X -Windows/Niot if graphics us-er intierface-
window entry forms is not yet complete.

The GIT extraction and transformation function is being developed to access the cockpit
geometry data contained in a universal data file. The universal fire is a standard interface that i,
used by all major CAD systems, including I-DEAS. Thus, the ability to read universal files frecs
the GIT from an exclusive dependence on any specific CAD system or on any specific version o"
such a system.

The I-DEAS universal file contains the 3D cockpit model that was created using the
1-DEAS 6.0 graphics system. The purpose of this function is to search through the universal file
and extract the geometry data of the cockpit. Once this information is obtained, it is necessary to
perform rotations and translations of all initial cockpit points to obtain the final cockpit geometry
data. This; function pertains only t" the I-DEAS universal files. The purpose of the GIT f'unction
that conv'Trts an IGES file into an I-DEAS universal file is to allow users of the CI)S to obtain
cockpit geometry data from any CAD system, e.g., CADAM or CATIA. The GIT informs the user
how to convert the ICES file into an i-DEAS-created universal file. The necessary cockpit
geometry data is then extracted from the universal file. There is a potential for universal file flw1at
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Cockpit Designer Inputs
at the I-DEAS Workstation

andlor

(As Available) Universal (*UNV) Files

CIPLP PRG Files

Geometry Interface [ C IPLP
Tool (GIT) (To Be Replaced)

Option Manual I--
Creation of *CCCIN ! ,-(

File Using Editor *CCCIN File.,-

CCC

CCC GEOMB File

NMT MSAIN File
NMT FARIN File
NMT PETIN File

Anaiysis Tools

MSA
MPE
MTA
MTP
FAR
PET
DLA

NODMIeI) I)

Figure 5.3.5-1. Flow of Geometry Data Using the Geometry Interface Tool
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problems with later versions of I-DEAS. As a result, GIT will have to be upgraded to accommodate
I-DEAS upgrades. The impact of performing a GIT upgrade during a project will be dependent on
project time and budget constraints.

A separate Cockpit Cowdiguration Control (CCC) Human Factors Data Base, which was
part of the originally-delivered software, is maintained to contain information for all control, irdica-
tor, verbal, auditory, mental, and message items pertaining to the cockpit. The purpose of the merge
human factors data base function is to incorporate selected items from the standard CCC Human
Factors Data Base into the User Cockpit Geometry Data Base.

The User Data Base inputfunction is being developed so that users can update and store
data into the existing Informix data bases. This function allows users to enter operator data that is
associated with the cockpit geometry data extracted from the CAD graphics file and the human
factors data retrieved from the standard CXC Human Factors Data Base. The user is also able to
update the cockpit geometry data and the human factors data.

The generate CCC input file finction is developed to obtain cockpit geometry and human
factor:: data from the User Data Base to create an output cockpit file that is used by the CC("
analysis tool. The CCC analysis tool reformats and distributes this data to other originally-
dcveloped CDS analysis tools.

The generate error message function will display error messages pertaining to the
execution of the GIT program.

The Window Entry Form design and functionality is defin-!d and documented in the current
version of the GIT Design Document (Reference 24). An implementation plan/schedule is being
generated to identify planned GIT development and status.

When a baseline version of CIT has been developed, verification testing will begin. A
baseline version is a version that meets the minimum capabilities of reading an I-DEAS univc•sal
file. reading and writing a human factors data base file, data basing cockpit geometry with merged
human factors data. and writing anl input file for the CCC program. The verification testing will
involve: (1) writing a CIPLP input program file for I-DEAS and the ('CC analysis tool. 12) halnig
I-DEAS to write a universal file from this CIPLP program file. t3) having the (GT read the univer-
sal file. create a cockpit geometry data base. merge this data base with the standard ('CC I F data.
and write a CCC input file, and (4) executing CCC using both the CIPLP and the (lIT files. The
two CCC output files will be compared tor matched output.

5.3.6 Mission Decomposition Tool

a. Background. The NIDTOOL (Mission Decorlnposition l'ootl) is an interacuve mi,.s,,ion
analysis, planning. and decomposition program used for accessing mission requirements, mission
objectives, and performance measures and criteria. It enables the user to rapidly generate, store.
retrieve, and modify data for air combat mission scenarios. O(nce the mission scenaro i,,
constructed and saved, it can be executed and viewed as the planned route is flown. An FDR tile is
generated on execution of the mission, which can be used in conjunction with a mission event
timeline to analyze the mission. These timelines can be edited to insert pilot-generated events, and
the entire event timeline can be used as an input file to the other (I)S analysis tools.

b. Progress. During this reporting period, the MI)TOOI. was upgraded from Verion
4 03 to Version 4.06. This new version. received in April 1993, had no file incompiatlbhiltles or
software discrepancies that were conmmon in previous software upgrade,. It was fullh tested ito
verify the following enhancements:
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(1) A government-owned module of the MDTOOL (uiedit.c) generates an FDR file

for use by the TMT. The FDR file is a time-based ASCII file of mission events.

(2) The color editor works properly.

(3) The user is prompted (cautioned) prior to saving an edited FDR file that a file with
the same name exists. Saving the edited FDR file will overwrite new values to the existing FDR file
if it has the same filename.

(4) Files can be saved that have blanks in the file name.

(5) A wind model does not have to be specified prior to the execution of the scenario.

(6) The FEBA is present during execution and playback modes.

(7) The gaming region is resealed when it is redrawn during a timeline edit.

,8) Version 4.06 fonts are more legible in each of the interactive pull-down menus.

(9) Previously placed icons are visible during playback of the FDR files.

(10) The ability to add feature data (i.e., roads, airports, and buildings) to MDTOOL
and BATS is available.

5.3.7 Graphics Modeling System

a. Background. The GMS (Graphics Modeling System) is the software tool that is being
used to develop cockpit display formats and associated dynamics. GMS is also being evaluated to
determine: (1) ease of use; (2) realism of visualizati..,; (3) ease and speed of modifying displays;
(4) ease of incorporating new and modified displays into the EDSIM; and (5) update rates.

GMS was easy to use, although the complexity of the display affects the amount of time
required to develop the display. The appearance of the generated displays is acceptable. Care mut
be taken when modifying a display to ensure that the existing dynamics are not affected or deleted.
It is possible to integrate the display and dynamics into the simulation in a short time frame. The
main obstacle encountered in using GMS is the slow update rates of complex dynamics for time-
critical displays. A possible solution for improved real-time performance is to run critical displays
on higher performance workstations.

b. Progres-,. During this reporting period, GMS Version 4,Oe was installed on the CDS
and is currently in use. No problems were encountered in the con% :rsion from Version 4.Od to
4.0c. The models developed in previous versions of GMS were usab without conversions.

The displays for Field Demonstration No. I are being developed using the SGI Graphics
Libraries (GL), which enable better real-time performance than the X-libraries. The GMS-based
programs for the Performance/Control Display (PCD) and five multifunction display pages were
completed. The PCD is a suite of gauges consisting of the airspeed/mach indicator. alimeter.
horizontal situation indicator, and the attitude direction indicator (Figure 5.3.7-1). After
development of the PCD and integration into the simulation, the required 20-Hz update rate was
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Figure 5.3.7-1. Performance/Control Display

not achieved. Table 5.3.7-1 indicates the type of performance that was seen with the display, using
the specified number of gauges. The PCD code was sent to SL for help in optimization. The
engineers at SL tried several optimizing techniques to improve performance. One such technique
involved running the GMS-generated code through the GMS C-sarce code generator, thus
climinating GMS overhead. To use the code generator. all fill groups were removed from the model
and a performance gain of 13.25 Hz was experienced. However, the model is unusable without the
fill groups. Currently. GMS is being used as a rapid prototyping tool. When a candidate display is
chosen to be flown in full field demonstrations, the display will be hard-coded to operate within the
20-Hz rate requirement. The multifunction display includes the master format page, Stores
Management System (SMS) inventory page, reconnaissance (Recce) format page, Recce control
page. and the manual depression angle entry page.

Table 5.3.7-1. Gauges Model Update Rates

--N•UMBER OF aA ' ER MODELAILRAU

1 (using X option) 6.4 Hz (Altimeter)
I (using GL option) 10.0 Ht. (Altimeter)
2 (using GI. option) 7.5 Hz (Altimeter and ADI)
3 (using (GI option) 4.3 Hz (Altimeter, ADI. AS/Mach Indicator)
4 (using X ption and integrated into sire) 0.16 Hz (Complete PCD)
4 (using gl option and integrated into sivia) 1.55 Hz (Complete PCD)
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5.3.8 Sequitur's Workload Analysis System

a. Background. A trade study was performed that assessed the original workload
11ncdeling tools, along with several known and accepted workload models (Reference 25). The
results of that study contained a recommendation to replace several programs that were used to
calculate crew member workload with a single validated workload model called SWAS (Sequitur's
Workload Analysis System), a commercial software program. The availability and applicability of
SWAS was investigated and a copy was acquired for evaluation. The SWAS is a microcomputer-
based application used for deriving operator workloads. The SWAS model is based on Wicken's
Multiple Resource Theory (timesharing of concurrent tasks) for workload analysis. The workload
calculation is derived through the simulation of an operator's task timeline in which the tasks have
been assigned execution times based on Methods Time Measurement-derived values, channel of
activity (i.e., visual, auditory, manual), and dependency on other tasks. This provides an estimate of
workload by using a time-available/time-remaining paradigm, with provisions for timesharing
capability (Reference 66, Appendix J).

b. Progress. The SWAS was used for workload analysis on the F-16R mission scenario.
Currently, the only method to obtain graphical results of this analysis is to slave a Hewlett Packard
(HP) laserjet printer directly to the PC hosting SWAS. A full report of the F-16R results is
available and is included in this report as Appendix K (Reference 66).

5.3.9 Operator Assessment of Reach/External Vision Model/Computerized
Biomechanical Man-model

a. Background. Both OAR (Operator Assessment of Reach) and E-Vision (External
Vision, VAX-based software for assessing reach and vision) were replaced by COMBIMAN
(Computerized Biornechanical Man-model). The OAR is a software program that calculates
operator ability to reach panels, controls, or displays within the cockpit. The OAR defines four
reach zones: Zone 1 - non-straining reach with shoulder harness; Zone 2 - operator straining
against shoulder harness; Zone 3 - non-straining reach with waist harness; and Zone 4 - operator
straining against waist harness at full stretching reach. The OAR output is a printed report of the
data.

The E-Vision provides a means to generate vision envelope plots in the CDS environment
using I-DEAS. The E-Vision plots monocular vision from the design eye point on Aitoff or recti-
linear grids. The output plots are written out to IGES files for transfer to the I-DEAS drafting
module to construct the vision plot overlaid on the grid.

The COMBIMAN was chosen as a replacement for OAR and E-Vision because it is a
government-owned application that interfaces directly with I-DEAS, has increased capabilities, and
is available for the SG1 UNIX workstations. The COMBIMAN is an interactive, computer-
graphics-based human factors evaluation instrument that supports analysis of: visual accessibility,
strength for operating controls, reach capability with the arms and legs, and fit limita-
tions/capabilities. The COMBIMAN gives the user selection from six combinations of Air Force
clothing options and control over sizing the human-model, along with providing a number of alter-
natives for assigning and changing the dimensions of the model, including a set of multivariate
models. The user may place the human-model into a drawing and analyze the interaction between
the model's physical capabilities and the dcsign elements related to the cockpit.

b. Progress. The COMBIMAN was. installed and compiled in the C-CADS laboratory.
The program linked and compiled successfully; however, the COMBIMAN cockpit geometry is not
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formatted for use in the COMBIMAN Crew Status Data Base. The version 'f COMBIMAN that
was installed had a compatibility problem with the newer version of I-DEAS that is being run.

5.3.10 Quality Function Deployment (QFD)

a. Background. The QFD (Quality Function Deployment) is a system of related
procedures and tools that enable a CDT to effectively interrelate customer needs with system
requirements. The QFD Designer was proposed as a trade-off analysis tool. The QFD Designer
capabilities were compared with the existing SUMMET model. One set of procedures and tools in
the QFD area was identified as being superior to SUMMET, namely those within the AHP. The
methodology of AHP aids in the ranking/prioritization of subjective attributes of a system,

The AHP provides a systematic approach to the tradeoff analysis needed for the CSDP.
The AHP methodology may be used to prioritize design requirements or to evaluate design alterna-
tives relative to specific attributes (for example, usability, reliability, and producibility). This pro-
cess can be applied to types of trade-off studies involving subjective data. The process involves
obtaining and analyzing paired-comparison data. The usability of the AHP methodology will be in
trade-off analyses during Field Demonstration No. 1. Additional principles and procedures of
QFD will also be evaluated further in this and future demonstrations.

b. Progress. The commercial software, QFD Designer, was procured from Qualisoft,
Incorporated and hosted on an IBM PC-compatible workstation. This package is being considered
for trade-off analysis techniques. A QFD training session was also received.

5.3.11 DI-3000 Graphics Software

a. Background. Several existing CDS analysis tools use the DI-3000 Graphics Software
from Precision Visuals for the display of two-dimensional (2D) and three-dimensional (3D)
work'ioad plots. These tools previously required the VAX/VMS system.

b. Progress. Due to the conversion of the analysis tools to the SGI/UNIX system, an
assessment was made to determine if the DI-3000 graphics routines could be replaced by the UNIX
GL routines. It was determined that this replacement was not desirable because the routines were
not compatible and considerable modifications were needed for the tools.

The DI-3000 software was acquired for use on the SGIIUNIX system. Installation on the
SGI/UNIX system was difficult because the installation guide did not cover all of the steps A1&
necessary to install it on the SGI/UNIX system. Several DI-3000 UNIX script files and the source
code were modified to make DI-3000 functional. Tools that were ported (the Mission Timeline
Analysis (MTA), the Mission Task-time Probability (MTP), and the CAT-Timeline Analysis Tools
(CTLA) that use DI-3000, are now functional on the SGIUNIX system.
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6. FIELD DEMONSTRATIONS

The CCCD Field Demonstration Program includes a series of five demonstrations in which
lic CSDP and the COS tools will be applied and evaluated. These demonstrations will be per-

tormed through the use of a constantly improving set of activities, procedures, data bases, and tools
that will increase the quality and consistency of the cockpit design process and products.

The F-I 6k Project was chosen as the first specific CCCD application. The development,
application, and results of the efforts to date are discussed in this section. The designation F-16R is
not an official Air Force term and is used herein to denote CCCD Field Demonstration No. 1. The
remaining four field demonstration subjects have not been determined; therefore, no work was
performed in this area during the period of this report.

6.1 Near-Term Fighter/Attack Systems: F-16 Manned Reconnaissance Mission

To illustrate a typical cockpit upgrade for an existing system, a modified F-16 that performs
tactical reconnaissance was chosen as the design problem. The USAF is interested in a reconnais-
sance aircraft to replace the RF-4. The System Operational Requirements Document (SORD)
(Reference 26) was published to document this need. The following requirements are excerpts
from the SORD and will serve as guidelines in the performance of Field Demonstration No. 1.

a. The follow-on tactical reconnaissance aircraft will be an F-16 that is modified and
equipped for the tactical reconnaissance mission. The approach is to modify existing F- 16 C/D air-
craft to a reconnaissance configuration. The F-16R will perform reconnaissance missions as either
the weapon system's primary or secondary operational capability. The modifications to the F-16
will not delete or degrade the aircraft's ability to perform in the fighter/reconnaissance dual role
capacity.

b. The F-16R must be capable of performing the full spectrum of reconnaissance mis-
sions, including day-night/under-the-weather imaging and medium and high altitude standoff
imaging. The F- 16R will be the primary platform employed by the tactical forces to provide tactical
commanders with timely information of sufficient accuracy and detail to permit exploitation. The
F.1 16R will be employed in fluid scenarios, beyond the first echelon, and under the weather, against
mobile, fleeting targets where the human clement increases mission success. In addition, the F-16R
will be used to collect intelligence at times when the use of other systems is unsuitable.

The F-16R Project intends to take the above requirements and develop redesigned cockpit
controls and displays to meet the required operational capability. This will include a combination
of Up-Front Analysis, Program Planning, Crew System Analysis, Crew System Design, and Crew
System Evaluation. See Appendix C (Reference 66) for an explanation of the major activities of the
CSDP.

6.1.1 Up-Front Analysi3

a. Background. The Up-Front Analysis category in the CSDP was created to give the
CDT the ability to generate specific design requirements from top-l-vel mission and system re-
quirements. This area of the CSDP was defined but has yet to be imp -ented with complete pro-
cedures or tools. Potentially valuable tools, such as the QFD and Coi. -pt Mapping, were discov-
ered through ongoing investigations to find the best methods to categorize requirements. The QFD
methodology and tools were investigated to provide quantitative as well as qualitative design trade-
off. The QFD methodology includes several tools and subordinate methodologies that are available
for use, e.g., the QFD Designer, and the AHP. The QFD and AHP methodologies and tools are

6-1



both used for trade-off analysis; Concept Mapping is used to ilssist in focusing information to
generate appropriate mission and system requirements. Assessment of these methods will continue
during the next several months.

At the beginning of the effort, it was apparent that piocedures to perform all of the CSDP
activities did not exist and could not be compiled cue to time constraints. The decision was made to
proceed with the Up-Front Analysis activities without predefined procedures, and to write the
procedures for the Crew System Analysis activities that would be performed at a later date. In this
way, a set of activities, procedures, and tools would be available to the CDT at the appropriate time.

b. Progress, The final output or product of Up-Front Analysis is a DRD (Reference 22)
to guide the crew system analysis, design, and evaluation activities of the program. Paragraphs
6. 1. 1.1 through 6.1.1.8 discuss the Up-Front Analysis activities that were performed.

6.1.1.1 Design Requirements Document

An examination of the SORD and the General Dynamics F-16R ATARS Mechanization
Document was performed by the operational experts to gain an understanding of the F I 6R ATARS
modification. The Mission Requirements field of the DRD (Table 6. 1.1. 1-1) contains the priori-
tized list of requirements resulting from this examination and was assembled with the support of a
word processor. The list was prioritized based on the background of the operational experts with
the F- 16R mission.

6.1.1.2 System Requirements

The documentation provided by General Dynamics and the specific background of an op-
erational expert helped to determine and prioritize the system requirements for the F-I16R in a shoa
period of time. The SORD also described several other system requiremcnts for the F-16R, which
were deferred due to funding and technology limitations. The system requirements were docu-
mented and prioritized in the System Requirements field of the DRD (Table 6.1.1.2-1).

6.1.1.3 Problem Statement/Cockpit Philosophy

The purpose of this activity was to document a specific set of directives to guide the CrT.
For example, this CSDP activity was not developed at the start of the F-I 6R Project, but a succinct
statement was written and documented in the respective fields of the DRD.

a. Problem Statement. The problem statement is as follows and is based on the System
Requirements section of the DRD: Improve the PVI design to support ATARS pod functions in
the F- 16R aircraft design as proposed by General Dynamics.

b. Cockpit Design Philosophy. The cockpit design philosophy is to improve situational
awareness and to incorporate automation where possible during imaging, threat avoidance, and/or
navigation in order to relieve the high workload environment associated with key parts of the tactical
reconnaissance/fighter mission.
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Table 6.1.1.1-1. Prioritized Mission Requirements

Rqmt ID Description

M 1 Day-night/under-the-weather imaging

M2 Medium and high altitude stand-off imaging

M3 Threat environments variable (high, medium, or low intensity conflidt)

M4 Pilot capable of imaging non-preplanned targets of oppoLtunity

M5 Pilot capable of obtaining imagery while aggressively maneuvering the
aircraft

M6 Targets: 4-point targets, 2-point and 1 Lire-of-Communication (LOC),

or one area target

M Pop.up maneuver to medium altitude - initiate collection during climb

M8 Imagery of targets 2 - 5 miles distant (low altitude)

M9 Low altitude daylight scenario: Electro-Optical (EO) sensor prnary,
dead reckoning techniques and aircraft navigation equipment

M !0 Low light scenario: Infrared (IR) sensor primary, Inertial navigation
primary

M 11 Initial Point (IP) and target imagery (required), waypoints (desired)

M 12 Data link of imagery done once in secure area and at safe altitude

M 13 Befor.2 data link - pilot loads Joint Service Imagery Processing System
(JSIPS) coordinates (normally pre flight)

M i4 Carriage, lanch, and jettison of two Unmanned Aerial Reconnaissance
Vehicles (UARVs)
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Table 6.1.1.2-1. Prioritized System Requirements

Rqmt ID Description

S 1 Minimize pilot task loading for safe mission accomplishment

S2 Enhance situatioa awareness and minimize possibility of spatial disori-
entation

S3 Simplify pilot tasks

S4 Maintain all inherent fighter characteristics

S5 Modified system to be supportable, survivable, and operationally ef-
fective

S6 Modify F- 16 C/D to a reconnaissance configuration maintaining
fighter/reconnaissance dual designed operational capability

S7 Incorporate automated functions where possible

$8 Operational Flight Program (OFP) modifications to host reconnais-
sance functions on the existing MFD and keyboards/displays and
HOTAS to operate ATARS EO sensor suite

S9 Display of sensor video on MFDs

S10 Hands-on control of ATARS sensors and pod functions via HOTAS

S I1 Hands-off control of ATARS sensors and pod functions via MFDs

S 12 Data entry of JSIPS coordinates

S 13 Selection and control of sensor parameters

S 14 Display of status in HUD

S 15 Deferred System Enhancements: Digital Terrain System

S16 Deferred System Enhancements: Forward Looking infrared (FLIR):
(1) off-axis sensor; (2) tank size detect at five nautical miles (NM); (3)
head steerable
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Table 6.1.1.2- 1. Prioritized System Requirements (Continued)

Rqmt ID Description

S 17 Deferred System Enhancements: Helmet Integrated Night Vision
System

S 18 Drred System Enhancements: Internal electronic countermeasures

S19 Deferred System Enhaiicements: ALR-56M Advanced Radar Warning
Receiver

S20 Deferred System Enhancements: Missile warning system

S21 12:errcd System Enhancements: Automated terrain following

S22 Deferred System Enhancements: Data burst transmission of target data

6.1.1.4 Notional Baseline Cockpit/Cockpit Layout

The purpose of this activity was to functionally and graphically describe the baseline crew
system configuration that served as the reference for each iteration of crew system analysis, design,
and evaluation. Typically, the procedures require that the CDT first create the configuration from a
functional ideas standpoint, then later provide a detailed graphic configuration. However, in this
instance, the F-16R Project involved a mature cockpit configuration based on a modified F-16C
Block 30.

6.1.1.5 Input to Specifications

The Weapon System Specification (WSS) and the Crew System Specification (CSS) would
normally be updated to reflect the impact of recent decisions. These documents were not available
and the specific tasks performed did not require access to the documents. However, these tasks will
be performed in future demonstrations. The need for specifications becomes paramount in
implementing cockpit design for the aircraft system as the design activities of the CSDP are
applied. The type of information found in specifications will become the significant driving re-
quirement for a future cockpit product tool to help the COT contribute to the WSS and CSS.

6.1.1.6 System Drivers

System requirements and several other factors, such as technology attributes, mission tac-
tics, and human performance considerations, must be analyzed to derive the system drivers for the
cockpit design. The cockpit system drivers applicable to Field Demonstration No. 1, as listed in
Table 6.1.1.2-1, were adapted from the research and development done by General Dynamics. The
General Dynamics accomplishments were carefuily examined and a number of the drivers were
modified slightly based on changes in the program. These drivers were placed in a field of the
DRD and will be utilized throughout the remainder of the project activities.
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6.1.1.7 Resulb of Up-Front Analysis

The rcult, of the carly effort. scre cealuated and botjcct i. '.% -re 1 toonulatcd lam-d 1-1
the expericnce, of the CDT and on It- ,tubjcctive rtele% of the p'e.leding .Ic'ul itie l'lan, %.cc
made to perform the implementation aspect% for design and %imulation c.' tti tic% Additiniall. in
sight was gained for the planning oif analysis a •,i'tici. -M- plan'. are dc.rd 'd in S.etion 6 I 2

6.1.1.8 Design Traceablitiy Manager

In the above activities, an attempt was made to compicte a draft of th: rc.olth. rhc pro(duL I
used to house the draft result,, is the DRD (Referenc¢e 22) The TIrM T,. a (')DS .off" arc tool that.
when complete. will allow the results of Up-1-'ront Analys.s activities to bh directly entered into the
DRD. In that way. pertinent requirements are docuumented for the derived resuh,l i.ao a single
standalone product. The DRD will ,w accessible electronically throughoul subequent (CSDiI ac
tivitics.

6.1.2 Program Planning

a. Background. Program planning was also accomplished without predefined procedures
or tools. It was also accomplished prior to performing the Up-Front Analysis activities. Therefore,
the entire planning process under development for the CSDP (Reference 66, Appendix C) was not
followed specifically. However. the key elements that could be accomplished without procedures
and tools were identified and were applied to the F- 16R Project.

b. Progress. Several of the requirements documented in the DRD were taken into con-
sideration and, in lieu of a planning or product tool, an Analysis Study Plan (ASP, Reference 27)
was prepared.

The ability to transmit products aid data from one CSDP activity to the next, to show trace-
ability, and to verify like data, was of prime importance in p!anning project activities. A separate
Program Planning Tool is required to consolidate the necessary activities, decide on the proper use
of the CDT members, and to publish (and maintain) a schedule that reflects up-to-date project
activities. The completion of Field Demonstration No. I will support the determination of re-
quirements for the Program Planning Tool.

6.1.3 Crew System Analysis

a. Background. At the onset of Field Demonstration No. 1, a determination was made to
concentrate on the crew system analysis activities because it was the area where most activities.
procedures, and CDS tools were available. The CDT elected to perform only those analyses that
had the highest value towards verifying and tracing requirements and baselining the pilot workload.
It was also decided to follow the CSDP (Section 4) rather than the activities in the CSDE. This
decision was based on the fact that the CSDE did not have detailed procedures to follow. However,
an attempt was made to perform activities that are common to both the CSDP and the CSDE and to
compare the results. A discussion of the analyses performed is included at the end of this section.

Documenting the results of the analyses has begun. Product Traceability Reports (PTRs)
on all activities in the CSDP performed for Field Demonstration No. 1 are currently being docu-
mented. Manual recording of the information was necessary because the DTM (which will support
the CDT in this area) was not yet fully developed.
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b. lrouts% [-1 hL DRI) %a.. the product of ''p-Front Analysis activities, while the Anal-
,,, '; Plan. %& -. the proiluct of Program Planning Both documents were required inputs for

kOettlcmru ng the Iflh•ionl and configuration that set the context for the following Crew System
" .m , L,1w. a 1t1t1C.. 1wc context for the analysi, activti.cs as the day reconnaissance mission and
..'.,,,chin conftiguration (denoted as Misn I and Cfg& . re|tcctivcly). The overall objective of per-
timtatng the Crew Systcm Analysis activilhes was to evaluate the modified F-16C Block 30 for
mi,%,on cefectivenc,, mid pilot perfonnance. Specific objectives am included in Table 6.1.3-1.

Taole 6.1.3 1. Crew System Analysis Objectives

Provide focus ahtd scope for design and test and evaluation activities,
through recommended critical phases, Actionl'lnformation requirements,
and preliminary crew system specification.

Develop a model of crew member activities, including functional re-
quirements for identification of baseline pilot performance prediction.

Evaluate the impact of mission functions on pilot capability through
task workload analysis.

Develop information requirements dependent on functional require-
ments for improved designs.

Develop a list of candidate PVI solutions to be rapidly prototyped and
evaluated in part-task simulation.

Assess proposed design improvements by comparing the task workload
results from the baseline design with those from the proposed design.

Sections 6.1.3.! through 6.1.3.9 discuss the Crew System Analysis activities performed
during this repotling period.

6.1.3.1 Mission Profile Analysis

The purpose of performing Mission Profile Analysis is to generate a graphic depiction of
the actual mission events and timing for use in later analysis and evaluation activities. The graphic
representation of the mission provides a medium for communication between the Operational and
Crew System Analysts, to define a set of critical mission events based on mission requirements.
Mission Profile Analysis requires the analysts to define the mission requirements, such as gaming
region, and threat/target laydown, so that the flight path can be determined to meet the mission ob-
jective, such as collecting pictures of preplanned targets across a road. Once the flight path is de-
termined, the analysts can then identify the timing of critical mission events, such as lethal threat
activity or system failures, along with the mission objective event (e.g., target imagery collection) in
preparation for such analysis and evaluation activities as functional flow, task workload, ac-
tion/inforination, and In-fidelity simulation.
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Input was required from the Mission Requirements and Mission Parameters fields of the
DRD and from operational experts to determine how and when each of the critical events developed
during Up-Front Analysis should take place in the mission profile. The mission was a tactical re-
connaissance profile flown in the Middle East (Persian Gulf). The pilot was tasked to navigate
along a preplanned route at a low altitude, and to image reconnaissance targets as the primary task.
while reacting to threats. The reconnaissance flight consisted of one F-16R fighter ingressing at a
low altitude and high speed ;n an attempt to locate and record critical infonnation.

The general process employed in performing Mission Profile Analysis consisted of the
following:

a. Identified the mission gaming region. The gaming region specified for the day
reconnaissance mission (Misnl) and baseline configuration (Cfgl) represented the Persian (;ulf'
theater, according to the Design Problem Statement field of the DRD and the operational experts.

b. Determined threat/target characteristics and location. Numerous ground threats
were to be encountered after crossing the FEBA, especially in and around the target areas. The
surface-to-air (SA) threat specifications shown in Table 6.1.3. 1-1 were defined by an operational
expert according to the Threat Requirements field of the DRD (Reference 22). The threats and
targets were defined in MDTOOL and graphically deployed in the gaming region to represent a
realistic threat/target laydown.

Table 6.1.3.1-1 SA Threat Specifications

SA-8 SA-I1
Guidance Type command Semi-active
# Missiles Ready I I
Total # Missiles 3 2
Maximum Altitude (feet [ft]) 40,000 497200
Minimum Range (nautical 1 1.6
miles [_nm_)_
Maximum Range (nm) 6.5 16.2
L0to Shoot Delay 10 1
(seconds is])
Reload Time (s) 480 600
Velocity, feet per second) 3346 2900
Sensor Range (nm) 16 20
Antenna Height (ft) 14 -- To-
Antenna Elevation (degrees) -5 to +85 -5 to +85

c. Determined aircraft characteristics. Aircraft parameters were defined for the
baseline cockpit, the F-16C Block 30, according to the Baseline Identification and Crew System
Design Context fields of the DRD.

d. Determined zircraft flight path. The aircraft's route of flight was defined by op-
erational experts through analysis of the scenario, including the mission objectives and the
threat/target laydown.
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e. Determined the events that need to take place in the profile. Using the Need
Statenment of th, SORD. the Mission Requirements, and the Crew System Design Driver fields of
the )D1),D. the day reconnaissance mission was decomposed into fifteen inflight phases
"•"c1ier•0,6 6, Appendix !t) Phase 5 through Phase 10 were identified as those phases critical for

Iieetlng n.ksion objectives. The other phases were not chosen for crew system analysis since they
rcpresented standard F- I 6 phases and were unaffected by the support of tactical reconnaissance
Iunctions. Several critical events were identified for robustness of the system to meet the objectives
of the minSsion based on the Mission Requirements and System Requirements of the DRD
(Reference 06. Appendix It).

f. Graphically represented the gaming region, threat laydown, target laydown,
FEBA, and flight path. Tl'he information defined in Procedures a-e was entered into MDTOOL
to build the mission prof, le file. A graphical representation of the mission profile is presented in
I igure 6.1.3. 1 - I . This figure includes the initial (or star,) point, waypoint designations with phase
chavge descriptions, noted, timings at selected waypoints, threat locations, and target locations.

g. Calculated the precise timing, heading, altitude, and airspeed. The PG.scn
mision ,cenario file was executed in MDTOOL to calculate the precise timing, heading, altitude,
and ,ii ispeed 1,0i the route of flight.

h. Created an ETi to include the precise timing of events. The ETL was au-
tomatically generated by MIITOOI. during execution (Procedure g). No new events were added.

The MI)'(M)1. Version 4.05 was used to graphically represent the mission profile, The
D)MA data of the gaming region was called by MDTOOL, The following options were exercised:
c reatnmg the Fl IllA. defining targets, threats and airciraft, and deploying threats/targets and aircraft.
N I')( )l1. provided a .,utffictent medium for graphically portraying the mission and generating the
icquired product othis, activity needed by stibsequent activities.

,MI)TOOi. is supported by an Event Definition Data Blise. This data base supplies the in-
iCr, isiihil'tv evenits (e.g., threat # search, lock-on, launch, or crossing waypoints) that occur when the
1irission pr'Ofile is executed. The user may also access this data base to customize the ETL resulting
Iloll Iris, execution of the mlission profile. To date, the user may only select fronm a small data base
A ' ct\ sti. T'hfe ,hilitv to pick point, other than waypoints to calculate phases is necessary to accu-
ratelv layout a mi.,sion t1\pical of the aircraft. The user also requires the ability to capture critical
'eCilt,, ,ppccltc to the mis•ion, :.uch as target inmagery collection in the case of the F- 16R. The

I'Aent )elinition D)ata Base is difficult to update and manage to accommodate upgrades. A
recomme1CndCd upUgrade to MDTOOI. is the ability to directly edit the MDTOOL ETL. This would
Cl1iniate tIhe requirement to update the Event Definition Data Base, reducing the configuration
managemi ent owerhead.

The product of this activity was a graphical representation of' the mission profile and an
'll. (Reference 66, Appendix G). The ETL is required as input for the subsequent Mission

Scenario and Functional Flow Analyses. The ETL captures the critical drivers of the mission
requirements Ior determining crew system activities.

6.1.3.2 Nlission Scenario Analysis

The objective of Mission Scenario Analysis was to describ, in the form of a written script,
the events that would take place in a sequential order during th. mission. The mission script
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included specific events recorded in detail from the crew member's perspective. The detail includes
attributes such as viewing information and actions that took place during each event.

The products of Mission Profile Analysis (graphic profile and ETL) were required as the
';iput for this activity. Further intormation was obtained from the Mission Requirements field of
the DRD. The notional baseline cockpit was also used to derive predictions about crew member's
actions with equipment an-1 systems on board.

"The general process employed in Mission Scenario Analysis consisted of the following:

a. Wrote script for the mission profile. The mission i•cenario script information was
documented by an operational expert based on the Mission Profile Analysis input and the content
of the DRD (Reference 66, Appendix H). Microsoft Word on a Macintosh Ilci workstation was
used in this activity.

b. Added depth to fully develop or derive lower-level task descriptions and crew
interface requirements. Information about each phase was obtained through the use of the
concept mapping technique over several sessions. Six sessions were planned; however, numerous
follow-up sessions were required for clarification. A white board was used during the mapping
sessions and an analyst replicated the white board map on a laptop computer using the TAKE2
software.

c. Ensured that normal, unexpected, and emergency conditions were built into
each script. Based on information in the DRD, critical events were defined for the mission profile.
The phase-by-phase scripts of activities were reviewed to ensure inclusion of critical events and
associated activities, and to ensure that all appyopriate normal, unexpected, and emergency
conditions and system responses were present. The concept maps from sessions 1 and 2 were used
as checklists for normal conditions. Unplanned targets and system failure scripts were also
included.

The MDTOOL Version 4.05 was ued to view the mission synopsis file that was created
with the Ni editor on the SGI workstation. This same text file was recreated through the use of a
Macintosh Ilci with Microsoft Word in order to obtain printouts. MDTOOL was also used to view
the ETL produced during Mission Profile Analysis.

The product of this analysis was a phase-by-phase written description of events occurring
during the mission. This file included normal, emergency, and unexpected conditions that might
arise during the flight (Reference 66, Appendix H).

6.1.3.3 Mission Phase/Functional Flow Analysis

Functional Flow Analysis was used to establish the flow of critical mission phases and
events and to provide a vehicle for decomposing critical mission events into task-level descriptions
of crew member activity. This analysis used critical mission phase Level I, II, and III block dia-
grams as a means for producing the functional flows. These diagrams are described further in the
discussion that follows.

To proceed with Functional Flow Analysis, details about the order of mission events and the
type of system responses that needed to take place were required. The output fi'om Mission Profile
Analysis (graphic profile and ETL) and Mission Scenario Analysis (mission script) was obtained.
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The general process employed in Functional Flow Analysis consisted of the following:

a. Created Level I block diagrams. The Level I block diagram was used to develop the
overall flow of the composite mission phases from start to finish. A graphic depiction was created
using the TAKE2 software, which is used in conjunction with concept mapping as noted in Section
0. 1. 1. Figure 6.1.3.3-I shows an example of a Level I block diagram.

F-16R MISSION DECOMPOSITION
PREFLIGHT START TAXI TAKE-OFF CLIMB

1.0 2.0 3.0

1hNROUTE CRUISE JREj IMAGIERY COLLECTION~

ERUETO NEXT FIMAGE.RY COLLECTION ENROUTF TO IFIIIA ]
9 C)

i12. _TARGET _F•
7.0 8,0 9.0

I DSCENT APPROACH/ILANDING FOST:.IGtT
13o 140 o 50

Figure 6.1.3.3.1. F-16R Level I Block Diagram

b. Provided a written description or the events contained in each phase. A
Macintosh llci computer was used to capture the textual descriptions of the mission events
tReference 66, Appendix H).

c. Created Level II block diagrams. The purpose of the Level I! block diagrams was to
establish the flow of gross task-level (functional) system (aircraft and crew member) activities
directly based on the critical mission phases defined in the Level I block diagrams. Figure 6.1.3.3-
2 shows an example of a Level 1I block diagram. In this diagram, blocks are created to capture
descriptions of continuous (C) activity in the system during the creation of Level III block
diagrams. The format of this diagram implies the sequencing of the functions. A graphic depiction

6-12



was created using the TAKE2 software, which is used in conjunction with concept mapping as
noted in Section 6. 1. 1.

F-16R MISSION DECOMPOSITION

ENROUTE CRUISE

SATARS POD/SENSOR CONTINUOUS TASKS
ACTIVATION

SYSTEMS CHECK

•2.

FENCE CHECK

4.3.

ACV 
NAVIGATIO

4.4

Figure 6.1.3.3-2. F-16R Level II Block Diagram

d. Created Level III block diagrams. The Level III block diagram was developed by
further detailing the Level II block diagrams and performing an initial system/pilot task allocation
based on a preliminary assessment of the repeatability of the task and the required accuracy of
performance. Figure 6.1.3.3-3 shows an example of a Level III block diagram. The format of this
diagram denotes the sequence of tasks to be performed. A graphic depictien was created using
TAKE2 software, which is used in conjunction with concept mapping as noted in Section 6.1.1.

The Level III block diagrams were the products of Functional Flow Analysis. Originally,
approximately 60 concept maps were created using the TAKE2 software after each of the concept
mapping sessions.

The TAKE2 software supports the genciration of the concept-node-link-concept-node for-
mat. After the map is built, the TAKE2 software can generate a data base from the map to help or-
ganize and interpret the information contained in the map. A readable form of the data base is
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F-16R MISSION DECOMPOSITION

ENROUTE CRUISE

ATARS POD SENSOR ACTIVATION4.1

EXAMINE LEFT HAND MFD

4.1.1

LOCATE RECCE OPTION
SELECT BUTTON (OSB) LEVEL
4.1.2

REACH TO OSB

4.1.3

APPLY PRESSURE TO ACTIVA

4.1.4

RELEASE PRESSURE FROM OS0

4.1.5

OBSERVE RECCE PAGE DISPLAYEDj

4.1.6

EXAMINE RECCE P'AGE

4.1.7

OBSERVE RECCE PAGE NOT
SENSOR OF INTEREST (SOPl

4.1.8

LOCATE DATA MANAGEMENT
SWITCH (HOTAS)

4.1.9

APPLY PRESSURE TO ACTIVATE

4.1.10

RELEASE PRESSURE FROM
SWITCH
4.1.11

OBSERVE RECCE PAGE IN SOl

4.1.12

Figure 6.1.3.3-3. F-16R Level III Block Diagram
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generated by building an outline of the data base. The TAKE2 software also supports the building
of a matrix that allows the user to view concepts in an organized manner across multiple concept
maps. The user may define categories and key words for analyzing the informational content of the
maps.

The TAKE2 software supported the building of concept maps conveniently during a map-
ping session, requiring only a portable Macintosh computer. However, the maps required refor-
matting after each session in order to impose structure that could focus the decomposition of the
mission timeline to the task level (Level III block diagrams). The TAKE2 software did not integrate
well with documentation (e.g., maps could not be copied and pasted into this document),
manageability of data (concept maps are free form and are difficult to get into a structure supported
by the graphic capabilities of the TAKE2 software), or with timelines for creating and obtaining
printouts. Therefore, these maps were converted into Level I and II diagrams using Powerpoint
software.

Level III diagrams were created using Powerpoint software also, but the form was different
from the one presented in this section. The Level III block diagrams generated by Powerpoint
contained the function block and a listing of all the tasks and associated input parameters fo, the
SWAS Task Workload Analysis software. The reason for this is that Functional Flow and Task
Workload Analyses were occurring almost in parallel due to time limitations. After reviewing the
Level III maps created that included all of the task workload input data, it was determined that
readability was greatly inhibited and that the maps should be reformatted for this document, The
results assisted in clarifying the format of the product from Functional Flow Analysis.

The Level I, II, and III maps created in Powerpoint can be found in Appendix I
(Referencc 66). The original maps are located in the F-16R Crew System Analysis Notebook
(Reference 28). The TAKE2 outliner was attempted unsuccessfully. This was attributed to the fact
that a Beta version of the software was being used. The TAKE2 matrix capability was not exercised
for supporting Functional Flow Analysis.

6.1.3.4 Action/Information Requirements Generation

According to the CSDP, in order to develop the controls and displays for a cockpit, an Ac-
tion/Information Requirements Analysis should be accomplished. This activity will generate spe-
cific displayed information or control requirements that must be implemented into the cockpit de-
sign. Each task must be broken out into the finite elements of the information that the crew member
needs prior to making a decision or taking an action, followed by the necessary interface char-
acteristics of how to control the associated action. The CDT should perform this analysis prior to
completing the re-design of selected controls and displays for the enhanced cockpit of the F-16R.
This analysis will be completed using a data base and will be implemented for the re-design effort.

6.1.3.5 Task Descriptions

The purpose of this activity was to translate the output of Functional Flow Analysis (Level
III block diagrams) into input data for the TTL analysis and workload analysis. The output Task
Data Base (generated by TMT when fuily developed) contains the Level III block diagram task title,
a description of crew member activities within the context of the mission and events, and a list of
associated discrete tasks necessary to complete the task description in action-verb/object format.
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The general process employed in developing task descriptions consisted of the following:

a. Decomposed lowest level of functional flow into task descriptions. A task
description was created for each of the Level III block diagram lowest-level nodes. The task
descriptions contained information on how an individual crew member would perform the task at
that point in the mission.

b. Laid out what each task entailed fer completion. The list of tasks were reviewed to
ensure that all actions to be performed by the crew member were included, taking into account each
possible channel involved (i.e., visual, auditory, psychomotor, and mental).

The product of this activity currently is a SWAS file containing the information specified by
the functions and sub-functions. The task description file provides the necessary input for per-
forming TTL Analysis. This activity was performed in the SWAS data base file, since TMT was
not implemented in time to perform this activity. TMT will provide a much smoother transfer of
data and will allow manipulation of the data base for further analysis. The full set of data from this
analysis can be found in Appendix J (Reference 66).

6.1.3.6 Functional Allocation Trade-off

In a typical crew system analysis set of activities, functional allocation tradeoff analysis
should be performed to determine what tasking should be accomplished by whom or by what sub-
system. With the F-16R Project, this analysis activity was approached differently. Given that the
baseline was a nearly complete cockpit with a single crew member and fully defined interfaces, the
CDT was not required to perform tradeoff analysis. However, when the enhanced version of the F-
16R cockpit is examined, functional allocation trade-off analysis will be performed using the QFD
methodology. The QFD Designer will be evaluated during this analysis.

6.1.3.7 Task Timeline Analysis Generation

The purpose of performing the Task Timeline (TTL) Analysis is to ensure that all of the
crew member task requirements are addressed for the baseline cockpit design. Detailed information
about the channels required to perform the task (that is, visual, auditory. psychomotor, and mental).
physical aspects of each task such as reach distances, types of reach, visual attributes, forces,
releases, rotation angles, and accurate and appr,,oriate time values for each task, were assessed and
compiled. The output data was used as the basis for Task.'Workload Analysis.

The task description file created during the development of the task descriptions was re-
quired as input to TTL Analysis. The general process employed in performing TTL Analysis con-
sisted of the following:

a. Assessed baseline cockpit design attributes. The mechanization of the F- 16R
Block 30C was reviewed using the mechanization document created by General Dynamics
(Reference 29). Controls and displays were identified for the perfornance of each task description.

b. Defined requirements for each task. The sequence of discrete tasks required to
complete the task description were reviewed (from the Task Description File) and verification was
made of the individual levels of channel activity.

c. Defined physical aspects of the tasks. The reach distances, categories of reach used,
visual scanning angles and distances, speech requirements, positioning, displacements, forces,
releases, rotation angles, etc., were dc'*ined for each task in order to correctly assess time
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requirements associated with task execution. Accurate geometry data is essential in defining the
physical aspects of the tasks. Given an electronic format containing the geometry data, an approach
can be taken using a tool such as COMBIMAN to derive reach distances. A more labor-intensive
approach is to derive the data directly from engineering drawings. The approach taken by the CDT
w,'., io take measurements from the F-16 cockpit simulator in the USAF Aeronautical Systems
Cenitr CSEF. This simulator was an actual F-16 cab so the measurements should be correct.
T'hese measurements (manually documented), coupled with the expertise of operational analysts and
the CDT personnel familiar with F- 16 operations, enabled the CDT to correctly define all aspects of
both the normal F- 16 tasks and the added reconnaissance tasking.

d. Determined accurate and appropriate time values for each task. The data from
the F- 16 measu-ement activity and principles of Methods-Time Measurement (MTM) were used to
predict pilot movement distance times. The SWAS (the coimercial software used to support
workload analysis) includes an MTM module that allows an operator to derive MTM time data for
each task. While this feature is beneficial for tasks with unique physical aspects, it is cumbersome
to apply to a large list of tasks with similar physical aspects. The CDT developed a listing of basic
motions required and applied the principles of MTM, to develop a look-up table of information that
provided the CDT with a more efficient means to enter time values into the SWAS data base
(Reference 66, Appendix K).

e. Developed and completed data base of task timing. The output of this activity was
an update to the TT[ data base (currently residing in SWAS) and an input for the Task/Workload
Analysis activity. Since SWAS does not have the capability to import data files, the task data were
entered directly into SWAS. Channel activity. physical aspects, task precedence, and timing
requirements were entered. The SWAS internally calculated appropriate timing factors to assist in
the workload calculations.

Normally, the CDr would execute these activities separately to ensure that the proper atten-
tion was given to each task description and associated parameters when determining task times prior
to e:' imating workload; however, the tools required (TMT and a workload tool with the ability to
import the TTL data base) were not available for use.

6.1.3.8 Task/Workload Analysis

The objective of performing Task/Workload Analysis was to assess the capability of the
pilot to complete the intended mission of the F-16R as defined in the day rec ... iaissance mission
scenario script. The F- 16C Block 30 controls and displays and the additional controls and displays
required to support operational use of the ATARS pod were used as the baseline configuration.
The following discussion describes the methodology employed to conduct the analysis, the results
of the analysis, the conclusions drawn from the results, and the tool used for analysis. A full report
is located in Appendix J (Reference 66).

The focus of the Task/Workload Analysis was on the impact of the discrete tasks associated
with the use of the ATARS pod. Continuous task time and processing allotments were inserted into
each mission phase to account for non-essential inter-aircraft coordination and routine aircraft flight
control and system management.

The Task/Workload Analysis was based on the Mission Profile, Mission Scenario, and
Functional Flow Analvsis results. The Mission Scenario script described the activity conducted
during the execution of the day reconnaissance mission, while the Level III Functional Flow block
diagrams provided the necessary sub-function information for deriving task descriptions.
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The Task/Workload activities and their related procedures were under development during
the time that the scheduled Task/Workload Analysis was to be performed. The Functional Flow
Analysis was complete but the Task Description and Task Timeline Analysis activities were in-
complete. Therefore, the Task Description and Fask Timeline Analysis activities were performed
during Task/Workload Analysis. In future field demonstrations, the analysis activities will be ac-
complished in the proper CSDP sequence.

The Task Description and Timeline data were compiled for assessing operator workload.
The SWAS was used in support of this effort to generate blocks of common operator tasks, to
timeline those tasks, to merge task blocks into full mission segments, and to analyze mission seg-
ments using Monte Carlo simulation techniques. The SWAS analysis results are reported in the
form of a summary of descriptive statistics based on the discrete and continuous task time require-
ments, and the time available for the completion of the segment tasks.

The contents of a typical portion of a mission segment summary are described in Table
6.1.3.8-1. It includes the segment number and section title, the workload data (95% confidence
interval [CI] and mean workload factor), the time requirement,. (95% confidence interval and mean
time requirements), the time available and the probability for successfully completing the mission
segment in the allotted time. The fields contained in the summary are further described below.

Table 6.1.3.8-1. Mission Segment Summary

Segment Number: Four
Section Title: Waypoint Six to Overfly Update

Summary of RQsults:

Workload:

95% Cl-Lower Bound: 0.55
95% Cl-Upper Bound: 0.57
Mean Workload: 0.56

Time Requirement:

95% CI-Lower Bound: 232.51
95% Cl-Upper Bound: 255.42
Mean Time Required: 246.51

Time Available: 289.00

Probability of Success: 100%

Workload Estimate. This is an estimate of the pilot's workload during the completion of
the mission segment. The workload estimate is based on the ratio of time available to time required,
and thus represents the percentage of time when the pilot is occupied. The workload estimate
considers the time requirements associated with the completion of the discrete tasks and the
continuous tasks. In the above example, Mean Workload of .56 means that the crew member was
tasked for 56% of the time (over the trials performed in the model), and that the time required to
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pci-form the tasking is less than the time available. Therefore, this section of the mission should be
accomplished with relative ease, as compared with a higher workload percentage segment.

Time Requirements. This is a break down of the time required to accomplish the discrete
tasks assigned to the pilot.

Time Available. The time available reported here is extracted from the mission analysis
and the timeline associated with flight from one location to another.

Probability of Success. This provides an estimate of the potential for completing the
required tasks in the allotted time available.

The results for each of the individual analyses conducted in support of this assessment are
reported in the F-16R Initial Mission Task and Workload Analysis report (Reference 66,
Appendix J). All results were determined using the data generated from this analysis. Assessments
were made based on the data, as well as expert interpretations cf the data, and only summary report
data is presented in this report. Table 6.1.3.8-2 summarizes the workload estimates for each critical
phase of the Baseline F- 16R Mission.

Table 6.1.3.8-2. Summary Crt.•,cal Phase Workload Estimates: Baseline F-16R
Task/Workload Analysis

Phase Number Phase Title Section Number Mean Workload
Four Enroute Cruise One 0.80
Five Ingress One 0.92

Two 1.00
Six Imagery Collection One 1.00

Two 1.12
Seven Enroute to Next Target One 0.97

"A wo 0.69
Three 0.87

Eight Imagery Collection One 0.63
Nine Enroute to FEBA One 0.67
Ten Egress 0ne 6.72
Eleven P italink One 0.75

Bold = Workload Exceeding Time Available

Those analysis results suggest that the F-16R pilot may experience periods of excessive
workload with low probability of successful completion at critical times. This is based on the
mission requirements, mission equipment package, projected tasking requirements, and potential
threat/flight environment.

Review of the tasks associated with the baseline mission indicated that, in many instances,
the contributing cause for excessive workload was the cumulative effect of the basic F-16C Block
30 control and display interface. When applied to the execution of this mission, the recommended
future automation features incorporated to the F-16C Block 30 design would reduce pilot workload
and contribute to a successful mission.

Individual sections of the Workload Analysis Report (Reference 66, Appendix J) address
some of the potential automation crew coordination and control/display integration candidates.
These candidates included automation of waypoint seklction (as next steerpoint), incorporation of a
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Global Positioning System (GPS) receiver as a means of updating the inertials, integrated controls
and displays, a Tactical Situation Display (TSD), and a Helmet-Mounted Display (HMD), and
consideration of a two-place cockpit to offload pilot tasking to a weapon systems officer or
similarly trained personnel.

From the analysis, consideration of a two-place aircraft could be supported in that, during
low-level ingress, the pilot was fully occupied with head-up. tasking (given there was no Terrain
Following (TF) or Terrain Avoidance (TA) coupled autopilot mode), and that the ATARS interface
was strictly head-down, Another option would be to consider making the ATARS interface pri-
marily head-up (e.g,, use HOTAS control inputs and provide head-up imagery by the incorporation
of a helmet-mounted display), Another option might be to use an HMD with flight and threat
symbology to complement the ATARS head-down activity.

One topic that was explored during this initial assessment was the impact of threat activity in
the vicinity of the objective (target imagery). In the phases with the highest levels of workload, the
pilot was largely occupied with monitoring and responding to the presenCe of ground-based threats,

Given the distraction due to the presence of threats, it is likely that the pilot would reduce the
time delegated to tasks associated ,vith the preparation of the ATARS equipment and use the time
instead to attend to the threats. This would logically .;-em to have a negative impact on successful
mission completion. Again, delegation of the ATARS-specific tasks tc a second crew member
would free the pilot to respond to the existing threats. Another alternative is to integrate information
onto a single TSD so that much less visual scanning time would be needed. Another benefit of the
TSD is that it would provide a better planning capability 'f threats and mission profiles were
integrated with other tactical information on a single cockpit display.

Based on the results of this initial assessment, several issues should be addressed. A
one-versus two-man crew comparison, an HMD-based ATARS interface versus the proposed
head-down interface and/or an integrated TSD. are all candidates for an F-16R cockpit redesign.
Additional trade-off studies should be accomplished to assess the potential for ii~corporating au-
tomation as a means of relieving the pilot of some of the routine tasking in the event that the single-
seat aircraft is retained.

6.1.3.9 Alternative Analysis Activities

Although the CSDP was followed during Functional Flow Analysis, a decision was made to
compare the CSDE Crew System Analysis activities and software tool support to the CSDP and
tool support. The objective was to start with identical top-level input and follow both methodologies
(i.e., the CSDP versus the CSDE) for translating mission requirements into a model of crew
member activities (decomposition of an ETL into a 'TTL). Then, a check was made to ensure that
the same tasks were being modeled according to the proper dwell time and channel activity. Finally.
the two different task/workload models were invoked and the results compared.

The following activities during the F- 16R Phase Six (Imagery Collection) were performed.
The initial ETL was imported from MDTOOL. This timeline contained phase transitions and
threat/target information. Using the ETL and concept mapping to decompose the mission, timelines
were devised to accommodate the tasks populating the ,WAS data base. The forced four-level
decomposition (i.e.. Event, Function. Procedure, and Task) structure demanded the use of the Event-
Function and Function-Procedure Relationship Data files.

The general process employed during this alternative analysis consisted of the following:
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a. Performed Function Analysis. The ETL (generated previously) and the existing EFR
data file were reviewed. Using the descriptions in the concept maps, functions from the EFR were
mapped to corcept map descriptions. These functions were then attached to each event using NMT,
'cSilting in a Function Timeline (FTL).

h. Selected/Defined Comparability Baseline Crew Station. The F-16C Block 30 was
specified by the Crew System Mechanization Document (Reference 30) and the DRD as the
modified F- 16R aircraft. The F-16 cockpit geometry data in the CAD format, required for the de-
vclopment of a TTL and input for the original analysis software, was unavailable to meet CCCD
schedule requirements. The closesi cockpit configuration available through the Cockpit Geometry
Data Base was the CAT Design aircraft that was modeled after a number of fighter type aircraft
(F-4, F-15, F-16). This file is called the F-16R CIPLP.CCCIN file.

Zones were identified for the purposes of housing panels and providing a 2D plane in
space. Panels were identified for the purpose of grouping or housing the controls and displays.
[Extraneous panels were removed. The F-16RCIPLP.CCCIN file was reviewed and updated to
remove inapplicable controls and displays, and F-16R specific controls and displays were assigned
to the respective panels. The impact of this work-around will not be realized until the results of the
workload analysis are assessed and compared to both the SWAS and the evaluation (EDSIM)
results.

c. Generated Control/Display Catalog. Dwell time data that was specific to the various
controls and indicators used in the F-16R during Phase Six were modified. For this comparative
analysis, the dwell times were entered to directly relate to the dwell times developed for SWAS
using the MTM techniques.

d. Performed Procedure Analysis. The FTL (generated previously) and the existing
[PR data file were reviewed. Using the descriptions in the concept maps, procedures from the FPR
were mapped to concept map descriptions. These procedures were then attached to each function
using NMT, resulting in a Procedure Timeline (PTL).

e. Defined Tasks for each Procedure. Referencing the concept maps (Level II and III
block diagrams), the TTL was constructed using the modified F16RCIPLP.CCCIN file. While
viewing a PTL and the FI6RCIPLP.CCCIN file in NMT, tasks were built for each procedure,
using the proper controls and indicators from the F16RCIPLP.CCCIN file. These tasks
corresponded to the discrete tasks from the SWAS data base.

All functions and procedures were assigned start Limes corresponding to the parent event
start time. For this analysis, these times were shifted within the event duration. An input file for the
Procedure-Level Timeline Analysis Software was written by NMT (*.MSAIN file) after the TTL
was completely developed. The file included channel of activity, control/display or pseudo-device to
pertorm task, and appropriate start and stop times.

f. Performed Workload Analysis. The Procedure-Level Timeline Analysis Software
was executed on the TTL input file and output plots were generated. The interpretation of the re-
sults a.nd evaluation of the methodology according to the criteria is currently in progress.

The TTL was the product of the original CDS tools, The TTL was a four-level treenet
structure with a standardized taxonomy for text descriptions of events, functions, procedures, and
tasks. The procedures and tasks were the basis for the Procedure- and Task-Level Timeline Anal-
ysis set of softwarc. A printout of the complete TTL can found in Appendix L (Reference 66).
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6.1.4 Crew System Design

a. Background. The activities normally conducted for the Crew System Design section
of the CSDP are based on the design - evaluate - redesign premise in which all results are carefully
examined prior to deciding on the next design implementation. Because this is a demonstration of
the still maturing CSDP, only a few design and evaluation iterations will be performed.

b. Progress. The Action/Information Requirements Analysis will be performed to ensure
that the enhanced control/display design will trace each requirement to the pilot's informational or
control need. Although that analysis is not complete, re-designing has begun with some of the
baseline implementation of the F-16R through rapid prototyping with the GMS software tool. This
expedites the design and evaluation of cockpit displays and controls. This type of activity acts as a
coarse filter to identify the most promising control and display concepts for further development
and evaluation.

6.1.5 Crew System Evaluation

a. Background. One of the advantages of following a process, in which activities are
dependent on earlier tasks being accomplished, is that it gives team members time to understand arid
plan more effectively how best to evaluate requirements and design. In the case of the F-I16R, the
simulation test plan was prepared when few results were available. This was done to assist in the
development of the EDSIM, which is also in the early developmem stage.

Normally on a project of this type. the aaalyses would have been partially completed prior to
creating the first simulator evaluation. This program performed analysis and simulation in parallel
to accommodate the CDT personnel and schedule requirements. An attempt was made to feed
much of the analysis results to the test planning process.

b. Progress. This section presents tile result of the optimization between what would
normally be evaluated on a program tempered against the timetable and what was possible to put
together as a demonstration. The test plan was developed to structure a study that is typical of what
can be reasonably accomplished in the cockpit design environment. The test will be impiemented
with only a few subject pilots since, as is generally the case in cockpit design, schedules, resources.
and pilot availability limit the number of pilots in any given study except where the criticality of the
PVI design decision warrants otherwise. The entire system will be put through the normal checkout
and evaluation ph4.,es to see what can be accomplished with this type of part-task simulation
activity.

The actual evaluation of all demonstration events is underway with the testing of several
analysis and design activities that were discussed in earlier sectons. The results of these and the
upcoming EDSIM evaluation will bring valuable information to the area of process activities, aLtiv-
ity procedures, and tool requirements. The data predicted in the analysis phase will be verified to-
learn if it is comparable to that collected with actual pilots in the evaluation.

On 11 May 1993, a draft version of the test plan was submitted for review. Comments were
received and updates are being implemented. However, the updated version (Reference 31) of the
plan was completed in this reporting period. The following is a summary of the main contents of
the test plan. In keeping with the general philosophy of test plans, emphasis is given to the detailed
plans for conductiag the tests rather than to the rationale behind those details.

The purpose of the test plan is to provide the documentation necessary to specify the nature
of the test, test objectives, methodology, and related information, with 'nough detail so that ( 1) all
approval authorities will be able to make timely decisions and (2) implementation of the test plan
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can commence. This test plan was developed to serve as a guidance document for conducting the
F- 16R study and to identify the strong and weak points of the CDS as related to pilot-in-the-loop
evaluation studies.

As part of the test plan development process, inputs were provided by six SMEs with ex-
tensive operational experience in air-to-air combat, air-to-ground attack, tactical reconnaissance, and
the ATARS system. Human factors inputs were provided by personnel having extensive experience
with pilot-in-the-loop simulations and field test environments.

The primary objectives of the test are to (1) compare a defined baseline configuration
F-16R, including an integrated ATARS pod, with a configuration comprised of an improved PVI;
(2) obtain results for comparison with those that were analytically derived; (3) obtain pilot perfor-
mance and workload data for populating analytical data bases; and (4) provide insights into the ef-
fectiveness of CSDP and tools for conducting cockpit evaluations.

The EDSIM is the simulator that will be used in this study. Support personnel for conduct-
ing this study, and the subject pilots, are provided for under the contract. Descriptions of the
baseline and enhanced configurations to be compared are described in the test plan. The primary
differences center on the enhanced configuration containing a horizontal situation display (HSD),
an automatic target hand-off system (ATHS), and global positioning system (GPS) data in the
cockpit.

The performance of this evaluation is controlled by the schedule of activities and the state of
development of the EDSIM. Therefore, it is being treated as a demonstration rather than a formal
experiment. As such, the number of factors being tested versus the data collected and analyzed will
be judged and reported accordingly. In the performance of this activity, procedures will be outlined
tbr all areas of the evaluation demonstration. These procedures will become the first draft for the
CSDP implementation. This activity is anticipated to begin during June and end in July, 1993.

6.1.6 Conversion of Engineering Design Simulator

a. Background. The Breadboard Cockpit Simulator (BSIM) was built during the CAT
Program to support anthropomorphic and human factors testing on various cockpit configurations.
The BSIM has a slightly different focus than many simulators in its class. It is intended to be used
during the evolution of a cockpit design to reflect changes in both the physical and operational
characteristics of an evolving cockpit. Such changes include the orientation of the seat, the con-
soles, the stick and throttle, and the displays and controls to reflect an evolutionary cockpit design.
The name of the BSIM was changed to the EDSIM to emphasis its engineering development role.
However, its purpose remains essentially the same, which is to support pilot-in-the-loop simulation
in a rapidly reconfigurable cockpit.

For Field Demonstration No. 1, the CDT is configuring the EDSIM to represent an
F- 16C/D Block 30 cockpit (Figure 6.1.6-1). The objective for the layout was not to provide the full
capabilities of a complex domed simulator, but rather to incorporate a limited number of master
modes, cursor controls, and related features in order to integrate controls and displays, and to
simplify display sensor management. The cockpit controls and displays required for the F- 16R
Project are described in the following paragraphs. A full description of cockpit implementation re-
quirements will be available when the Crew Station Mechanization Document (Reference 30) is
finalized.

6-23



HUD

K) J C t i t

0 UFC

or 0 l FCR [I OSBs
SMS

LEFT MFD / . 7 " RIGHT MFD

Airspeed - - ." Allimeter
an~d MadchC
Indicator

ilorLzonlal Altitude
Situation IDirectional
Indicator E E Indicator

PCD
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The HUD is generic in design and is presented on a 19-inch color monitor mounted above
the instrument panel. This same color monitor provides the pilot with a sixty-four-degree, low-
fidelity out-the-window view.

The Radar Warning Receiver (RWR) and the Data Entry Display (DED) are replicated on
4x4-inch MFDs. The RWR display is generic in nature and provides the pilot with ground threat
location, radar tracking, and missile launch indications. The UFC and the DED are not mechanized
in the EDSIM because the simulator response times for this hardware exceed several seconds and
adversely affect simulation conditions.

The Left and Right MFDs measure 6x6 inches versus the 4x4-inch displays found in the
actual aircraft. The Left MFD is programmed to display the SMS or Recce Format Pages. The
Right MFD is programmed to display the Fire Control Radar (FCR).

The Airspeed and Mach Indicator, Altimeter, HSI, and the ADI, have been replicated elec-
tronically on a 6x6-inch display. This composite EDSIM display is called the Performance/Control
Display (PCD), and it is presented on the MFD that is located below and between the Left and
Right MFDs.

The console panels are positioned in approximately the same location as in an F-16 C/D.
Console switches do not represent the actual switches located in the aircraft and are not functional.
Only thosc Option Select Buttons (OSBs) that are required for minimum tasking/objectives are
functional, i.e., Auto/Manual/Override (OSB#2) or Sensor Select (OSB#18).

b. Progress. Veda personnel visited the ASC CSEF to examine its F-16 simulator as a
basis for defining the necessary changes to the EDSIM. The decision was made to mechanize the
F-16R Left and Right MFDs by using two of the three existing MFDs in the EDSIM. SGI work-
stations v lsgl I and v l sgl3 will be used as the respective MFD display processors running GMS
programs. The vlsgl5 workstation will be used to drive the F-16 HUD, and the vlsgl7 to drive the
out-the-window external scene. The v lsg 14 workstation will drive two Special-Purpose Displays
(SPDs) for the Threat Display and the Up Front Controller output. The Performance/ Control
Display (PCD) will be driven by the vlsg9 workstation. The vlsgl6 workstation will be used to
display the ATARS sensor output and would be overlaid on the Left MFD using v 1 sg 11.

The panels on the console were reconfigured into position based on the F-16 drawings and
using the panels and monitors that will provide the needed realism during Field Demonstration
No. 1. The Molex connectors and associated wires to connect the F- 16 stick and throttle hardware
were purchased.

The Airspeed, MACH, ALT, AFI, and HSI gauges of the PCD are operating correctly. The
MFD pages for the first field demonstration were developed based on the needs for the part-task,
part-mission test being demonstrated. Seven reconnaissance pages, three SMS pages, and one
Master format page, were developed for the MFDs. The ATARS view will be implemented using
Merit's MAGIK SCENE and will be overlaid on the MFD pages using the GMS tool. The MFD
development is underway. The right MFD will be developed by modifying the existing, hard-coded
MFDs. The GMS design of the PCD took approximately six-and-a-half days to complete; the
display driver and the data generator programs took two days to develop.

6.1.6.1 Stick and Throttle

a. Background. The EDSIM at the outset of the contract did not include F-16 hand
controls. Emphasis was placed on ubtaining an F-16 C/D Block 40 stick and throttle in order to
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accurately capture the essential elements of the HOTAS mechanization required for the F-16R
"mission.

b. Progress. The F-16 Block 40 side stick controller and throttle grip (Figure 6.1.6.1-1)
were acquired from Technology Products Incorporated after comparison with devices from other
suppliers. The HOTAS mechanization includes three active switches on the throttle grip: the
Dogfight Switch, the Speed Brake Switch, and the Cursor/Enable Switch. The HOTAS
mechanization includes two active switches on the stick: the CMS Switch and the Trim Button.

After delivery, the F-16 throttle was deemed to be inaccurate, and t!ie vendor was contacted
to determine if a more geometrically correct device could be fabricated. The vendor committed
to a 3-4 week turnaround, once adequate data was received. Arrangen'-nts were made for the ven-
dor to take photographs of the CSEF throttle to assist in the modciing. In addition, a source for
borrowing an actual F-16 throttle was located in the 4950TW Faorication Modification Division.
Arrangements were made to borrow the throttle as a master form for molds.

6.1.6.2 Aero Model

a. Background. CATBATS provides the choice of operating any aircraft as either a six-
degree-of-freedom (6-DOF) flight model, or a 3-DOF flight model. The 6-DOF model uses twelve
state variables to describe the aircraft motion. Three rotational angles and three angular rates de-
scribe the aircraft's attitude, while three position and three velocity variables describe the aircraft's
translational motion. The 6-DOF model uses variable flaps, slats, landing gear, and atmospheric
effects (e.g., layered winds), and offers the capability to represent a full flight from takeoff to
landing. The 6-DOF model also uses a dual engine model for thrust. Each engine can be individ-
ually controlled, but both engines will lie on the centerline of the aircraft. The 6DOF aero and
engine models are table-driven and can be reconfigured by modifying the tables.

The 3-DOF model uses only the translational motion to describe the aircraft. This model
does not use any of the other features previously listed for the 6-DOF model and is usually used
with the threat aircraft.

Merit Technology studied the possibility of integrating an F-16 aerodynamic model ac-
quired from Williams AFB into BATS. To integrate this model, an Interface Control Document
would be needed and a common block to hold the data would have to be generated. This required
more time than was available before the first field demonstration. If F-16 data (coefficients for the
airframe, engine and weapon flyouts) can be generated, it will be relatively straightforward to
modify these data files to run BATBIRD with F-16 performance.

b. Pi igress. An aeronautical engineer from Veda was consulted to research and validate
the flight c, ficients that are used in the BATBIRD model. It was discovered that there were a
number of missing coefficients and that these could be supplied, along with the required coeffi-
cients, for the F-16. The evaluation revealed that a related and significant problem exists with
transport delays and/or latency in the system. This problem is being investigated further.

A method to validate the F-16 aerodynamic coefficients was established by arranging to
have the existing coefficients extracted for comparison with F-16 truth data. The EDSIM dynamics
were found to be detuned significantly. Tests run with actual F-16 data showed that detuning was
necessary for stable flight in the EPSIM.

The Merit Technology reprcs;cntative assisted in modifying a copy of the out-the-window
code to adapt it to the ATARS sensor. There was a problem with the out-the-window imagery
pausing when data was being scrolled. This problem was investigated and an FDR file was sent to
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Merit for further study. Merit modified the shell scripts and the environment variables to allow
MDTOOL and CATBATS to view the same directories.

6.1.6.3 Workload Assessment Monitor

a. Background. The WAM (Workload Assessment Monitor, Reference 7-2) is a stan-
dalone system developed by the Armstrong Laboratory. WAM measures physiological data (for
example, heart rate, eye blink, and respiration) which can be used to help understand the causes of
pilot workload. The data gathered by WAM will be correlated to the EDSIM output by clock tim-
ing using the WAM host computer, an IBM PC-compatible processor.

b. Progress. The data gathered by the WAM is presently collected and processed inter-
nally. To integrate this data into the EDSIM system, wall-clock time must be correlated to simula-
tor time. The following method was used to verify the usefulness of the WAM.

A single pulse was sent to the WAM to begin recording and correlating simulator time to
wall-clock time in the EDSIM. This was accomplished by recording the wall-clock time in the
FDR file. To assess and analyze the workload measured by WAM, the analyst must know what
events are taking place. In addition, a specific mission scenario (either existing or to be created) will
need to be used to test the WAM.

6.1.6.4 Tones and Intelligent Input/Output Control Boards

a. Background. The Intelligent Input/Output Controller (IIOC) includes a number of
analog and digital input/output interface boards, a controller board, and a Direct Memory Access
(DMA) interface to the BSIM Interface Controller (BIC). The IIOC provides the interface from the
EDSIM-mounted interface consoles (i.e., switches, dials, lights, stick, and throttle) to the simulation
software. Thz Tones Board provides alerting or status tones to the pilot during pilot-in-the-loop
simulations.

b. Progress. Veda recommended that the Tones and IIOC boards be removed from the
EDSIM configuration to eliminate the BIC, an underutilized piece of hardware. When the boards
are removed from the BIC, the BIC will no longer be needed for the EDSIM that is installed in the
laboratory, nor for any units that may be installed in the field. Elimination of the requirement for
the BIC will save on the cost of each initial installation if this system is fielded.

The Tones and IIOC boards were relocated to the vlsgl6 and vlsgl7 workstations, re-
spectively. Both boards were integrated, tested, and successfully verified.

6.2 Human Subjects Research

a. Background. Research in the C-CADS Laboratory will expose personnel to known,
controlled risks associated with the use of the following items: (a) CDS computers and peripherals;
(b) general equipment and supplies; (c) the EDSIM; (d) the WAM; and (e) the building enclosure.
The potential risks imposed by each of these items are discussed below.

(1) CDS Computers and Peripherals. The CDS workstations consist of unmodified
commercial off-the-shelf computer systems that are connected via commercial networks to printers,
plotters, data storage devices, and other workstations. Connections to the EDSIM are made through
commercial networks also. These items comply with the best commercial practice in terms of
electrical shock protection, electromagnetic radiation shielding, physical injury protection, and
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ergonomic design. Cabling is adequately protected and secured to keep walkways clear. Work-
stations and work surfaces are solid, stable, and ergonomically sound.

(2) General Equipment and Supplies. The equipment and supplies consist of ex-
pendable items (disks, tapes, printer cartridges, paper, etc.) that are commercially obtained and
commonplace in the office environment. The risk of exposure to hazardous materials is minimal.

(3) EDSIM. A reconfigurable part-task simulator, the EDSIM consists of an ad-
justable metal framework that supports commercial and custom electronic components used to emu-
late cockpit devices. A formal analysis of the hazards imposed by the EDSIM is warranted but has
not been done yet. A preliminary assessment indicates the following potential sources of risk:

(a) Physical injury during the subject's normal ingress or egress from the
EDSIM due to possible contact with unprotected metal edges and corners, the lack of designated
handholds, and/or tripping over cables that are not fully secured or properly positioned. These
risks could be magnified by the variable-intensity room lighting. To minimize thkse risks, the room
lighting will be returned to its full intensity to ensure adequate lighting during subject ingress and
egress from the EDSIM.

(b) Emergency ingress and egress from the EDSIM imposes the same risks
identified above, but potentially exacerbated by haste and the potential inadequacy or obscuration of
emergency lighting. CCCD Program Office personnel evaluated the emergency lighting previously
and installed additional lighting, thus these risks appear to be managed.

(c) The McFadden hydraulic system will not impose a risk because it will not be
used for Field Demonstration No. I. The EDSIM cockpit display devices will impose a controlled
risk because they consist of commercial off-the-shelf display devices, connected to the CDS
processors through commercial networks. These items comply with accepted commercial practice
in terms of electrical shock protection, electromagnetic radiation shielding, and physical injury
protection, although a more thorough assessment is warranted.

(4) WAM. Veda has been informed that an earlier configuration of the WAM passed
a formal risk analysis, but that the WAM configuration in the C-CADS Laboratory contains differ-
ent amplifiers that have not yet been formally assessed. Thus, there is a possibility that the WAM
could expose the subject to electrical shock if it is improperly used or if a catastrophic failure oc-
curred. These risks are minimized by the fact that the WAM was designed by AL/CFH personnel
to meet established safety criteria, and installed under their supervision. The Veda personnel who
will be operating the WAM have been trained in its proper use.

(5) Building. Room 109 of Building 248 offers ample egress and fire equipment.
Air supply, air exchange, and heating/cooling systems are fully satisfactory. Facility construction,
wiring, and plumbing comply with accepted commercial practice. Lighting intensity is variable
through wall-mounted rheostats. Lighting will be returned to full intensity during EDSIM ingress
and egress. Subjects will not be confined to the facility, but will be free to leave at any time.

User activity is consistent with job responsibilities as members of the CDS support con-
tract. The ability to gainfully apply the CDS tools and process will not be a factor in maintaining
present employment.

b. Progress. A formal safety inspection is required to address the above mentioned fac-
tors, and to correct deficiencies. Subject to these conditions, the conclusion of the above risk as-
sessment is that the risks incurred by the CDS users will be adequately managed during the valida-
tion testing process, and there are no reasonable expectations of serious physiological or psycho-
logical injury from the testing.
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